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14  Ab»t'OC» 

the  objective  of  this  project  was  to  Implement  the  Phase  I  test  plan  for  charac¬ 
terizing  occupational  exposures  of  offshore  facility  workers  to  chemical  sub¬ 
stances  and  selected  physical  agents.  This  report  documents  the  measurement  and 
monitoring  data  that  were  collected  during  a  7-day  period  on  drilling  and  production 
facilities.  Respirable  and  total  dust/fume  exposures  were  monitored  during  mud 
makeup  operations,  welding  and  rust/paint  chipping.  Sound  pressure  level  contour 
maps  were  generated  for  seven  platforms  and  two  rigs.  Personal  noise  dosimetry  data 
were  collected  during  drilling  and  tripping,  addition  of  drilling  fluid  chemicals 
and  maintenance/repair  activities.  Occupational  exposures  to  ousts  and  fumes  were 
evaluated  relative  to  ACGIH  exposure  limits.  Noise  dosimetry  data  were  interpreted 
relative  to  the  exposure  guidelines  in  U5CG  Navigation  and  Vessel  Inspection 
Circular  (NVC  12-82). 

The  study  concluded  that  exposures  to  the  airborne  substances  were  acceptable  for 
xhe  materials  and  operations  that  existed  during  the  7-day  observation.  Additional 
monitoring  would  be  needed  to  assess  other  drilling  muds  and  mud  chemicals  that  were 
not  observed.  Noise  data  obtained  on  this  study  indicate  the  need  for  initiating  or 
maintaining  hearing  conservation  programs. 


ACKNOWLEDGEMENTS 


Many  Individuals  and  organizations  participated  In  this  program. 
We  want  to  acknowledge  the  valuable  guidance  and  participation  provided  by 
the  U.  S.  Coast  Guard  Technical  Monitors,  Lt.  Guy  R.  Colonna  and  Lt.  Kyle 
Ward  Blackman.  Also,  we  sincerely  appreciate  the  co-operation  of  the 
Safety  &  Environmental,  Industrial  Hygiene  and  Production  Department  staff 
personnel  from  the  organizations  that  arranged  and  permitted  our  offshore 
site  visits.  Without  the  support  of  the  offshore  drilling  and  production 
Industry,  the  objectives  of  this  project  could  not  have  been  met. 

We  wish  to  thank  Prof.  James  Hammond  of  the  University  of  Texas 
School  of  Public  Health  Iri  Houston  for  his  valued  assistance  to  the  project 
team.  Also,  we  are  grateful  for  the  assistance  of  Miss  Donna  Wauters  in 
carrying  out  the  data  reduction  and  graphical  presentation  of  the  results 
of  the  noise  dosimetry  data.  Finally,  this  report  could  not  have  been  pro¬ 
duced  without  the  skill  and  patience  of  Mrs.  Dorothy  Endlcott  who  typed  the 
report  manuscript  and  revisions. 


v 


EXECUTIVE  SUMMARY 


"A  Crew  Exposure  Study  -  Phase  I"  was  the  title  of  a  research 
project  that  developed  a  test  plan  and  methodology  for  assessing  the  ex¬ 
posure  of  workers  to  potent1 1>1  hazardous  chemical  substances  In  the  work 
environment  for  both  the  -  am  leal  transport  industry  and  the  off¬ 
shore  drilling  and  produc  _utry.  The  offshore  test  plan  also  In¬ 

cluded  the  methodology  for  -  sloping  sound  pressure  level  (SPL)  contour 
maps  for  platforms  and  rigs.  A  trial  Implementation  of  the  offshore  plan 
was  subsequently  conducted  In  Phase  I  for  exposures  to  chemical  substances# 
which  Included  gases#  vapors,  dusts  and  liquids. 

The  objectives  of  the  offshore  portion  of  Phase  II  of  the  Crew 
Exposure  Study  Included  Implementation  of  the  SPL  methodology  and  an  ad¬ 
ditional  Implementation  of  the  test  plan  for  exposure  to  chemical  sub¬ 
stances.  The  original  scope  of  work  for  Phase  II  did  not  Include  personal 
noise  dosimetry.  Monitoring  of  personal  exposures  to  this  physical  agent 
was  added  by  Southwest  Research  Institute#  with  USCG  approval#  to  (1)  fill 
a  void  In  the  Industrial  hygiene  literature  and  to  (2)  provide  a  mechanism 
for  comparing  SPL  and  noise  dosimetry  data. 

The  Phase  I  offshore  test  plan  emphasized  exposures  to  chemical 
substances  for  those  activities  that  were  directly  related  to  drilling  and 
production  operations.  Within  Phase  II#  the  definition  of  the  chemical 
substances  was  expanded  to  Include  other  substances  such  as  welding  fumes# 
paint  chipping  debris  and  sandblasting  materials  that  are  encountered  dur¬ 
ing  maintenance  and  repair  operations  on  offshore  facilities. 

Because  the  offshore  and  merchant  marine  Industries  differ  with 
respect  to  their  basic  operations,  chemical  substances,  exposure  potentials 
and  work  schedules#  the  results  of  Phase  II  are  being  published  In  two  vol¬ 
umes. 


o  Volume  I  -  Offshore 
o  Volume  II  -  At  Sea 

This  volume  addresses  the  offshore  portion  of  the  study.  This  volume  of 
the  final  report  was  prepared  to  assist  the  USCG  In  discharging  Its  de¬ 
fined  and  continuously  developing  responsibility  for  the  health  and  safety 
of  (1)  workers  on  Outer  Continental  Shelf  facilities  and  (2)  USCG  personnel 
who  conduct  Inspections  of  offshore  facilities. 

In  Phase  II,  the  test  plan  was  Implementod  over  a  7-day  period  on 
five  production  platforms  and  two  platforms  with  both  drilling  rigs  and 
production  facilities.  Sound  nressure  level  contours  were  developed  for 
all  seven  drilling  and  production  facilities.  Noise  dosimetry  data  were 
collected  on  three  production  platforms  and  on  both  combination  (drilling 
and  production)  facilities.  Occupational  exposures  to  ousts  and  fumes  were 
monitored  on  two  production  platforms  and  on  the  drilling  rigs  of  tne 
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combination  facilities.  Since  Phase  I  of  the  Crew  Exposure  project  con¬ 
cluded  that  the  hazard  potential  of  gas  and  vapor  exposures  during 
normal  facility  operations  was  minimal*  additional  monitoring  for  these 
contaminant  classes  was  not  performed  during  the  Phase  II  offshore  test. 

The  following  results  and  conclusions  were  drawn  from  the  obser¬ 
vations  and  measurements  that,  were  made  during  the  7-day  offshore  test 
period.  Because  of  the  wide  range  of  equipment,  facility  configurations, 
work  practices  and  company  policies  that  make  up  the  Industry,  the  conclu¬ 
sions  are  not  meant  to  be  representative  of  the  entire  Industry. 

o  Sound  pressure  levels  (SPl)  associated  with  normal  drilling 
and  production  operations  (non-maintenance)  ranged  from  less 
than  65  dB(A)  In  the  living  quarters  to  106  dB(A)  In  platform 
compressor  rooms,  and  to  90  and  105  dB(A)  at  the  draw  works 
and  generator  room  on  a  drill  rig,  respectively.  Sound  pres¬ 
sures  between  these  extremes  were  measured  at  different  loca¬ 
tions  on  both  production  platforms  and  drilling  rigs. 

o  The  SPL  contour  maps  indicate  that  entire  portions  of  plat¬ 
forms  and  rigs  would  be  exempt  from  nearing  protection  re¬ 
quirements  for  non-maintenance  operations  as  chese  areas  are 
below  the  85  dB(A)  action  level  that  Is  recommended  In  USCG 
Navigation  and  Vessel  Inspection  Circular  NVC  12-82. 

o  The  SPL  environment  on  production  platforms  Is  relatively  con¬ 
stant  from  day  to  day.  However,  the  SPL  environment  on  drill¬ 
ing  rigs  Is  very  dependent  on  what  operations  are  taking 
place.  For  example,  shale  shakers  and  mud  pumps  do  not 
operate  during  tripping  of  drill  string. 

o  The  SPL  measurement  technique  was  found  to  provide  a  rapid 
means  of  evaluating  the  spatial  variation  of  noise.  On  pro¬ 
auction  platforms,  areas  exceeding  the  85  dB ( A )  criterion  for 
hearing  protection  can  be  easily  Identified.  The  technique 
can  also  be  used  on  drilling  rigs  If  it  Is  recognized  that 
multiple  surveys  are  necessary  In  order  to  account  for  the 
time-varying  levels  that  result  from  Intermittent  equipment 
operation. 

o  The  noise  dosimetry  measurements  Indicate  that  potential  ex¬ 
posures  were  generally  above  100  percent  of  the  permissible 
dose  relative  to  USCG  Navigation  and  Vessel  Inspection  Circu¬ 
lar  NVC  12-82  criteria.  All  of  the  dosimeter  records  for  a 
full  12-hour  shift  (14  of  16  records)  indicate  a  potential 
exposure  greater  than  an  action  level  of  50  percent  of  the 
OSHA  permissible  dose.  Under  0SHA  guidelines,  a  hearing 
conservation  program  would  be  required. 


o  Potential  noise  exposures  represent  the  exposure  to  the  un¬ 
protected  ear.  Facility  workers  wore  varying  degrees  of 
protective  devices  Including  no  protection,  cotton  balls, 
earplugs  and  earcups.  Recent  Industrial  hygiene  literature 
Indicates  that  In  practice  the  entire  array  of  earplug  types 
may  provide  less  than  50  percent  of  their  rated  protection 
relative  to  the  ANSI  attenuation  criteria.  The  primary  reason 
Is  improper  Insertion  of  the  plug  Into  the  ear. 

o  Drillers  and  derrlckmen  tended  not  to  wear  hearing  protection. 
Their  noise  exposures  exceeded  the  allowable  dose  within  four 
to  eight  hours  after  the  beginning  of  the  shift.  Hence,  the 
Leff(24)  exposure  level  of  82  dB(A)  was  also  exceeded.  The 
time  when  cumulative  dose  equals  allowable  dose  defines  the 
exposure  at  which  the  teff(24)  will  equal  82  dB(A)  If  no 
further  exposure  is  received  for  the  remainder  of  the  24-hour 
period. 

o  Roustabouts  that  chipped  paint  with  needle  guns  were  poten¬ 
tially  exposed  to  noise  levels  that  exceeded  the  allowable 
dose  within  90  minutes  of  the  beginning  of  the  shift. 

Leff(24)  doses  were  nominally  100  dB(A),  assuming  no  exposure 
during  the  succeeding  12-hour  rest  period.  One  worker  used 
cotton  balls  Inserted  into  his  ears,  and  the  other  wore  the 
ear  plugs  furnished  by  his  company  for  his  use.  No  attempt 
was  made  to  determine  the  affect  of  these  protective  devices 
on  actual  dose  received, 

c  Noise  levels  below  80  dB(A)  co  not  influence  the  Lef f ( 24 ) 
according  to  NVC  12-82  procedures.  Because  the  12-hour  rest 
period  Is  spent  In  a  sub-80  d3(A)  environment,  the  Leff(12) 
may  be  a  more  appropriate  Indicator  for  offshore  operations  as 
It  would  reduce  the  costs  associated  with  dosimetry  without 
compromising  the  Integrity  of  the  procedure. 

o  Sound  pressure  level  meter  readings  were  compared  to  the  real 
time  noise  dosimetry  records.  There  Is  good  agreement  between 
the  two  recorded  levels  If  (1)  the  two  measurements  are  made 
side-by-side  at  the  same  time  or  If  (2)  the  documentation  Is 
sufficient  to  establish  that  the  measurements  were  made  at  the 
same  location  and  under  the  same  equipment  operating  condi¬ 
tions  but  at  different  times.  The  level  of  agreement  Is  dimi¬ 
nished  If  there  Is  deviation  In  the  space-time  documentation. 
Hence,  on  drill  rigs  caution  should  be  used  in  estimating 
noise  exposures  based  on  SPL  meter  surveys  because  of  the 
time  varying  nature  of  equipment  operations.  On  productlor 
platforms,  the  operating  status  of  the  equipment  Is  more 
uniform;  therefore,  the  estimation  of  noise  exposures  from 
SPL  meter  readings  is  more  feasible. 


o  Occupational  exposures  to  airborne  dusts  from  drilling  fluid 
makeup  and  palnt/rust  chipping  were  acceptable  relative  to  the 
current  ACGIH  guidelines.  For  the  bagged  materials  that  were 
added  to  the  drilling  inud,  the  particulates  were  classed  as 
nuisance  dusts.  A  similar  conclusion  was  obtained  for  the 
rust/paint  chipping  debris.  The  presence  of  nuisance  dust  was 
not  assumed  a  priori,  but  It  was  verified  by  applying  x-ray 
fluorescence  and  wet  chemistry  techniques  to  the  materials  In 
question.  Where  Material  Safety  Data  Sheets  and  qualitative 
analysis  indicated  the  presence  of  toxic  metals,  e.g.  chrome 
and  lead.  In  the  rafter  samples,  quantitative  analysis  veri¬ 
fied  that  the  concentrations  In  the  airborne  dusts  were  below 
Instrument  detection  limits. 

o  Fume  samples  were  collected  beneath  the  weldor’s  helmet  during 
welding  and  In  the  breathing  zone  during  periodic  weld  inspec¬ 
tion.  Elemental  analysis  of  the  fume  constituents  was  based 
on  the  parent  metal  and  electrode  classification.  Concentra¬ 
tions  of  manganese,  iron  oxide  and  zinc  oxide  fume  were  below 
their  respective  exposure  limits. 

o  Opportunities  did  not  arise  to  monitor  sandblasting,  oll-base 
drilling  mud  operations  or  addition  of  asbestos-contal nlng  mud 
chemicals  to  the  drilling  fluids. 
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GLOSSARY  OF  TERMS  AND  NOMENCLATURE 

American  Conference  of  Governmental  Industlal  Hygienists 
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Effective  noise  dose  referenced  to  the  exposure  duration 
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Sound  Pressure  Level 

Threshold  Limit  Value  -  Short  Term  Exposure  Limit 

Threshold  Limit  Value  -  Time  Weighted  Average;  used  Inter 
changeably  with  TLV  designator 

United  States  Coast  Guard 

Weight  of  sampled  contaminant 

X-Ray  Fluorescence 


I.  INTRODUCTION 


This  final  report  presents  the  results  of  the  offshore  drilling  and 
production  observations  performed  by  Southwest  Research  Institute  as  one 
element  of  the  Phas-  11-Crew  Exposure  Study  for  the  U.  S.  Coast  Guard. 
Office  of  Research  and  Development.  The  purpose  of  this  study  Is  to 
characterize  the  potential  for  on-thc-job  exposures  of  crew  personnel  to 
chemical  substances  and  selected  physical  agents  during  routine  and  non¬ 
routine  work  activities  on  offshore  drilling  and  production  facilities,  and 
on  bulk  liquid  tankers  and  barges  at  sea.  Because  both  the  nature  of  the 
potential  hazards  and  the  work  activities  of  offshore  workers  differ 
greatly  from  those  for  tanker  and  barge  crewmen,  the  results  of  this  Crew 
Exposure  Study  are  being  published  in  two  separate  volumes.  Volume  I 
reports  the  results  for  offshore  oil  and  gas  drilling  and  production 
operations.  Volume  II  reports  the  results  for  bulk  liquid  tanker  and  barge 
operations. 

1.1  Background 


The  United  States  Coast  Guard  is  responsible  for  the  health  and 
safety  of  offshore  and  marine  transportation  workers  through  the  Ports  and 
Waterways  Safety  Act  as  amended  In  1978  and  the  Outer  Continental  Shelf 
Lands  Act.  This  responsibility  was  clarified  In  a  March  1983  Memorandum  of 
Understanding  between  the  USCG  and  OSHA.  With  respect  to  offshore  activi¬ 
ties,  notice  of  proposed  rule  making  has  been  Issued  for  Workplace  Safety 
and  Health  Requirements  for  Facilities  on  the  Outer  Continental  Shelf 
(January  9,  1984).  The  Coast  Guard  Is  aware  that  there  are  potential 
health  and  safety  hazards  associated  with  the  exposure  of  crewmen  to  flam¬ 
mable  and  possibly  toxic  materials  Involved  in  offshore  drilling  and  pro¬ 
duction  operations.  Exposure  to  high  levels  of  noise  Is  another  potential 
hazard  that  may  be  associated  with  either  ths  work  activities  or  work  en¬ 
vironment  of  crewmen.  However,  there  has  been  very  little  Information  re¬ 
ported  In  the  open  literature  to  document  the  actual  exposures  of  offshore 
workers  to  potentially  hazardous  materials  and  noise  during  their  work 
activities.  This  Information  Is  desirable  in  order  to  determine  whether 
additional  regulation  or  Implementation  of  industry  standards  Is  needed  to 
provide  for  the  health  and  safety  of  offshore  workers.  To  obtain  this  In¬ 
formation,  the  Coast  Guard  contracted  with  Southwest  Research  Institute  to 
perform  a  research  project  to  characterize  the  exposure  of  offshore  drill¬ 
ing  and  production  workers  both  to  noise  and  to  hazardous  liquids,  gases, 
dusts  and  vapors  during  their  work  activities. 

Phase  I  of  the  Crew  Exposure  Study  was  completed  in  March  1982  and 
is  reported  In  reference  til.  The  Phase  I  project  consisted  of  the 
following  activities. 


(1)  Performing  a  background  study  to  define  the  potential  hazard 
sources  associated  with  offshore  operations  that  might  bring 
a  crewman  Into  contact  with  toxic  or  flammable  materials. 


(2) 


Developing  appropriate  analytical  models  to  simulate  the 
effect  of  contaminant  sources  on  the  exposure  to  hazardous 
materials. 
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(3)  Developing  experimental  measurement  methods  and  an 
experimental  test  plan  to  quantify  the  actual  levels  of 
exposure  of  offshore  crewmen  to  hazardous  materials. 

(4)  Conducting  a  trial  Implementation  of  the  experimental  test 
plan  for  measuring  exposure  to  hazardous  material  on  offshore 
drilling  and  production  facilities. 

(5)  Developing  an  experimental  plan  for  determining  sound  pressure 
levels  and  worker  exposure  to  sound  pressure  (noise)  on 
offshore  drilling  rigs  and  production  platforms. 

A  seven-day  long  observation  was  performed  during  Phase  I  In  which 
the  experimental  test  plan  was  Implemented.  Drilling  and  production  opera¬ 
tions  were  monitored  on  a  total  of  four  offshore  facilities.  All  fugitive 
and  major  emission  sources  of  dust,  vapor  and  gas  were  Identified  and  char¬ 
acterized.  Personal  exposure  to  respirable  dust  was  measured  for  a  rough¬ 
neck  during  mud  mixing  operations.  Levels  of  hydrocarbon  gas  and  vapor 
concentration  were  measured  near  a  shale  shaker*  In  a  fuel  gas  compressor 
room  and  downwind  of  an  oil  flotation  cell.  The  results  of  these  measure¬ 
ments  are  described  In  the  Phase  I  Final  Report  [1]. 

In  Phase  II,  the  offshore  portion  of  the  Crew  Exposure  Study  con¬ 
sisted  of  one  additional  Implementation  of  the  experimental  test  plan  for 
measuring  exposure  to  hazardous  materials.  Concurrently*  the  experimental 
test  plan  for  sound  pressure  measurements  and  worker  exposure  to  noise  was 
Implemented. 

1.2  Qb.iest.lYes 

The  primary  objective  of  this  study  was  to  characterize  the  expo¬ 
sure  of  offshore  drilling  and  production  workers  to  potentially  hazardous 
materials  in  the  form  of  gases,  vapors*  dusts  and  liquids,  and  to  sound 
pressure  (noise)  encountered  In  their  work  activities.  One  additional  off¬ 
shore  observation  of  seven  days  duration  was  arranged  to  supplement  the 
exposure  data  collected  In  Phase  I.  The  specific  objectives  of  the  Phase 
II  observation  for  test  plan  Implementation  were  as  follows. 

o  Identify  and  measure  the  concentration  of  contaminant  emissions 
of  gases,  vapors,  dusts  and  mists  as  they  exist  on  offshore 
drilling  rigs  and  production  platforms. 

o  Monitor  the  exposure  of  platform  workers  to  these  contaminants 
using  accepted  Industrial  hygiene  procedures. 

o  Measure  sound  pressure  contours  and  perform  noise  dosimetry  on 
platforms  and  rigs. 

o  Observe  and  document  dermal  contact  with  Grilling  fluids  for 
rig  workers. 

The  development  of  the  experimental  program  and  the  results  of  the 
exposure  monitoring  activities  are  described  in  the  following  sections. 
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1.3 


In  1978#  the  U.  S.  Coast  Guard  Office  of  Research  and  Development 
sponsored  a  study  which  was  conducted  by  the  Naval  Ocean  Systems  Center 
(NOSC)  of  the  U.  S.  Navy  under  an  Interagency  agreement.  The  objective  of 
that  study  was  to  investigate  various  aspects  of  noise  as  it  relates  to 
occupational  health  and  habitability  on  merchant  ships.  That  study 
resulted  in  the  publication  of  five  NCSC  documents. 

o  Technical  Document  243  -  Airborne  Noise  Levels  on  Merchant 
Ships:  A  Compilation  of  Data 

o  Technical  Document  254  -  Airborne  Noise  Limits  for  Merchant 
Ships:  Recommended  Acoustical  Criteria  to  Insure  Acceptable 
Functional  and  Habitable  Environments  in  Crew  Quarters  and  Work 
Stations 

o  Technical  Document  257  -  Noise  on  U.  S.  Merchant  Ships:  A 
Summary  of  the  Problem  With  Recommended  Limits  and  Future  Work 

o  Technical  Document  267  -  Behavioral  and  Physiol oglcal  Effects  of 
Noise  on  People:  A  Review  of  the  Literature 

o  Technical  Report  405  -  Noise  Levels  and  Crew  Noise  Exposure 
Aboard  U.  S.  Merchant  Vessels 

The  NOSC  study  recommended  zne  adoption  of  an  equivalent  24-hour 
noise  exposure  criterion,  Leff(24)»  of  80  do(A)  with  a  3dB(A)  exchange 
rate  for  hearing  conservation  purposes.  A  75  aB(A>  criterion  level  was 
recommended  as  a  future  goal.  The  BO  cFUA)  criterion  was  derived  from  the 
8-hour,  85  dB(A)  exposure  limit  of  the  International  Standards  Organization 
(ISO).  In  arriving  at  their  LCff(24)  recommendation,  the  Navy  also  con¬ 
sidered  other  domestic  standards  Including  an  82  dB!A),  24-hour  equivalent 
exposure  limit,  which  was  derived  from  the  OSHA  90  dB(A),  8-hour  standard. 

Following  the  NOSC  study,  a  joint  U.  5.  Coast  Guard/Industry  study 
group  was  convened  for  the  purpose  of  drafting  noise  exposure  guidelines. 
The  resulting  consensus  recommendation  appears  in  Navigation  and  Vessel 
Inspection  Circular  (NVC)  No.  12-82,  which  is  entitled  "Recommendations  on 
Control  of  Excessive  Noise"  and  Is  Included  in  its  entirety  as  an  appendix 
In  this  report.  The  USCG  was  represented  on  the  study  group  by  the 
Merchant  Vessel  Inspection  and  Merchant  Marine  Technical  Divisions. 

Industry  was  represented  by  ship  owners  and  the  Offshore  Marine  Services 
Association  (OMSA). 

The  hearing  conservation  recommendation  in  NVC  12-82  is  based  on 
an  extension  of  the  domestic  OSHA  standard  as  opposed  to  an  international 
standard.  Philosophically,  this  approach  was  adopted  out  of  consideration 
for  (1)  familiarity  with  existing  domestic  standards,  (2)  ease  of 
Implementation  and  (3)  general  applicability. 


3 


NVC  12-82  »es  developed  primarily  for  (nsp ecteP  mere* ant  vessels. 

r^is  r-ss!’  ?.  sir.rs^j  i.  s*~- 

and  interpreted  In  accordance  with  NVC  12-32. 


II.  DEVELOPMENT  OF  THE  EXPERIMENTAL  PROGRAM 


The  background  study  and  the  offshore  observations  on  drilling  rigs 
and  production  platforms  reported  1  r.  the  Phase  I  Final  Report  [1]  provlae 
the  basis  for  the  development  of  the  experimental  program.  These  studies 
Indicated  that  sources  of  hydrocarbon  gases,  vapors  and  liquids  may  be  en¬ 
countered  on  both  production  platforms  and  drilling  rigs.  Sources  of 
potentially  hazardous  dust  or  mist  are  more  likely  to  be  associated  with 
drilling  or  workover  activities.  Sound  pressure  (noise)  sources  are  found 
on  both  drilling  and  production  facilities.  The  nature  of  these  potentla, 
hazards,  their  relationship  to  drilling  or  production  operations  and  the 
experimental  measuring  techniques  are  discussed  below. 

II .1  Sound  Pressure 

1 1 . 1 . 1  Definition,  of  Potential.  Hazards 

It  Is  generally  accepted  that  long-term  exposure  to  excessive  sound 
pressure  levels  can  produce  a  permanent  loss  in  hearing  acuity.  It  Is  also 
known  that  this  permanent  threshold  shift  (PTS),  excluding  the  relatively 
rare  loss  due  to  single  massive  exposures,  is  dependent  not  only  on  the 
amplitude  of  the  sound  but  also  several  other  variables.  These  variables 
include: 

o  frequency, 
o  exposure  duration, 
o  coexisting  medical  disorders, 
o  prior  exposure  history, 

o  altered  ear  response  due  to  drugs  or  chemicals, 
o  availability  of  recovery  time  and 
o  Individual  susceptibility. 

Unfortunately,  beyond  the  fact  that  these  variables  Influence  the  amount  of 
permanent  hearing  loss,  little  correlation  exists. 

Medical  research  and  testing  performed  by  Glorlg  [2]  and  many 
others  have  indicated  a  statistical  correlation  between  long  term  exposure 
to  sound  pressure  levels  above  80  dB(A)  for  eight  hours  per  day,  five  days 
per  week,  and  a  permanent  loss  of  hearing.  From  Table  II. 1  it  can  be  seen 
that  the  90  dB(A)  standard  of  OSHA  would  assume  an  acceptable  risk  of  15.6% 
for  a  30-year  work  life.  However,  others  using  this  and  similar  data  from 
later  studies  have  continued  to  recommend  a  "no-risk"  exposure  criterion  of 
80  dB(A)  per  8-hour  exposure. 

One  of  the  most  significant  factors  mentioned  In  the  list  of  vari¬ 
ables  is  Individual  susceptibility.  In  a  significant  research  program.  Dr. 
D.  Robinson  [3]  started  with  40,000  factory  workers  In  an  attempt  to  relate 
exposure  to  sound  and  long-term  (permanent)  hearing  loss.  During  the 
course  of  his  research  he  eliminated  any  subject  (or  single  subject’s  ear) 
that  had  been  exposed  to  high  sound  levels  aw»y  from  work  or  had  suffered 
any  medical  trauma  which  could  have  resulted  in  a  loss  of  hearing  acuity. 


p-  t*. 
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TABLE  II.  1.  RELATION  BETWEEN  RISK  AND  EQUIVALENT  CONTINUOUS  SOUND  (Ref. 1 21) 
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His  screening  was  meticulous  and  resulted  in  a  sample  size  of  only  slightly 
less  than  600  ears.  Using  rather  sophisticated  mathematical  curve  fitting 
techniques#  he  developed  a  correlation  equation  which  related  permanent 
threshold  shift  to  the  exposure  (level  and  time)  with  the  following  equa¬ 
tion. 


FTS  =  27.5  (1  +  Tanh(l_A2  +  10  log(T/Tc)  +  UN  -  Xi)/15)  (1) 

where 

PTS  =  permanent  noise  induced  threshold  shift 

T  *  exposure  time  (greate”  than  1  month) 

T0  *  reference  time  (1  month) 

L/^2  “  dB(A)  sound  level  exceeded  25S  of  the  exposure  time 

Un  c  constant  based  on  Individual  susceptibility 

Xl  *  constant  depending  on  the  audiometric  test  frequency 

The  variables  In  this  equation  require  additional  clarification. 
The  PTS  was  determined  experimentally  by  determining  the  difference  In 
hearing  acuity  for  an  Individual  at  a  given  frequency  relative  to  a  con¬ 
trol  group  which  was  not  exposed.  Robinson  utilized  a  reference  time  of 
one  month  In  his  curve  fit.  This  was  selected  based  on  "goodness-of-f it". 
l_A2  Is  the  sound  pressure  level  In  dB(A)  which  was  exceeded  during  2%  of 
the  Individual’s  total  exposure  time.  For  example,  an  L *2  100  dB(A) 

means  that  9856  of  the  subject's  exposure  during  the  total  exposure  period 
was  less  than  or  equal  to  100  dS3(A). 

Plotting  this  curve  over  the  actual  experimental  data  from  his 
survey,  Dr.  Robinson  found  the  correlation  shown  In  Figure  II. 1.  In  this 
figure  *  L a2  +  1°9  (T/T0).  The  most  significant  aspect  of  this 

figure  and  Dr.  Robinson's  work  results  from  the  observation  that  for  any 
exposure  level,  the  range  of  possible  expected  hearing  acuity  shifts  can 
be  over  50  dB(A).  Even  at  a  level  of  130  dB(A)  exceeded  2%  of  the  time 
the  range  Is  50  dB(A). 

One  quite  logical  conclusion  that  can  be  drawn  from  this  data  Is 
that  any  gains  that  might  be  derived  from  slight  (less  than  10  dB(A)) 
changes  In  exposure  levels  are  completely  overshadowed  by  Individual 
susceptibility.  From  this  conclusion  then  it  would  appear  that  the  most 
effective  method  for  preventing  permanent  threshold  shift  In  a  significant 
percent  of  the  exposed  population  would  be  to  Isolate  "sensitive  ears". 
Short  term  (every  6  months)  measurements  of  hearing  acuity  could  Isolate 
workers  with  sensitive  ears#  and  these  workers  could  be  moved  to  quieter 
working  environments  or  be  required  to  wear  special  hearing  protection. 

Another  conclusion,  which  can  be  drawn  from  this  figure#  rests  on 
reviewing  the  distribution  about  zero  hearing  loss  In  the  90  dB (A)  area. 

At  this  point  In  the  curve  It  Is  not  possible  to  say  that  long  term  expo¬ 
sure  to  noise  produces  significant  hearing  loss.  Above  a  level  of  100 
dB(A)  the  data  supports  a  decline  In  hearing  acuity  "of  the  sensitive 
ears"  and  above  110  dB(A)  there  appears  to  be  a  measurable  decline  In 
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hearing  acuity  for  the  overall  population.  From  this  data#  It  would  again 
be  logical  to  establish  a  criteria  similar  to  the  existing  90  dB(A) 
criteria  but  enhanced  by  a  mandatory  procedure  to  Isolate  those  with 
sensitive  ears. 

Another  factor  mentioned  above  that  contributes  to  the  uncertainty 
In  establishing  a  firm  relation  between  exposure  to  sound  and  noise  Induced 
permanent  threshold  shift  Is  the  natural  recovery  mechanism  of  the  human 
ear.  If  continued  weekly  exposure  to  sound  can  cause  a  loss  of  hearing,  It 
would  seem  logical  that  the  7-day  on,  7-day  off  exposure  patter  of  the 
offshore  worker  could  offer  significantly  lowor  risk.  Again,  medical  re¬ 
search  has  been  unable  to  document  the  effects  of  such  Intermittent  expo¬ 
sure  to  sound.  Perhaps  the  long-term  exposure  histories  and  audiometric 
records  being  accumulated  by  the  offshore  Industry  will  provide  the  neces¬ 
sary  data  for  such  a  correlation. 

Lacking  an  accurate  model  for  the  prediction  of  noise  Induced  per¬ 
manent  threshold  shift  from  exposure  to  sound,  It  is  necessary  to  establish 
an  Interim  standard  which,  while  perhaps  of  unknown  validity.  Is  conserva¬ 
tive  enough  to  protect  the  majority  of  personnel  exposed  to  sound  above  80 
dB(A)  during  their  working  days  offshore.  The  data  collected  during  this 
project  represents  an  attempt  to  accumulate  typical  sound  pressure  levels 
on  offshore  facilities  and  typical  noise  exposure  patterns.  The  following 
sections  on  sound  levels  will  present  this  data. 

Offshore  facilities  are  unique  facilities  for  sound  pressure  level 
studies  In  that  although  the  same  types  of  equipment  are  used  in  land-based 
Installations,  they  are  seldom  seen  In  such  close  proximity  to  each  other. 
This  closeness  can  produce  higher  sound  levels  than  their  land-based  coun¬ 
terparts. 

The  specific  equipment  used  and  the  arrangement  of  this  equipment 
varies  widely  between  offshore  facilities.  Certain  general  types  of  equi¬ 
pment,  however,  were  common  to  all  types  of  installations  studied.  Table 
II. 2  lists  the  generic  noise  sources  found  on  most  off-shore  drilling  and 
production  facilities  ar.d  the  normal  mode  of  operation  of  each  source. 

Personnel  on  these  facilities  work  12-hour  shifts  for  seven  days 
followed  by  seven  days  off.  In  addition  to  this  longer  work  day,  their 
work  requires  that  they  be  exposed  to  these  sound  levels  for  different 
periods  each  day.  This  makes  It  Important  to  give  proper  consideration  to 
documenting  the  range  of  exposures  for  each  Job  classification.  Table  II. 3 
Illustrates  the  typical  number  of  hours  that  the  various  Individuals  work¬ 
ing  In  the  listed  job  descriptions  would  be  exposed  to  levels  above  80 
dB(A)  In  a  normal  12-hour  shift.  In  some  cases,  the  Individual  might  spend 
a  lengthy  period  of  time  In  a  quiet  area.  As  an  example,  an  Instrument 
repairman,  during  a  period  of  limited  equipment  failures,  may  remain  In  a 
relatively  quiet  area  for  several  days  followed  by  several  days  where  the 
exposure  exceeds  80  dB(A)  for  12  hours  per  day.  This  creates  an  Intermit¬ 
tent-variable  noise  exposure.  The  exposure  Is  Intermittent  because  of  the 
7-day  on/off  cycle  and  varlab’t  due  to  the  wide  range  of  dally  exposures. 
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TABLE  II. 2.  TYPICAL  NOISE  SOURCES  FOR  OFFSHORE  FACILITIES 


Generator  Sets 
Auxiliary  Generators 
Compressors 

Pumps  (Hyd,  mud,  water) 
Crane 

Pressure  Reduction  Valves 
Drain  Works 
Piping  Flow  Noise 
He! Icopters 
Crew  Boats 
Electric  Motors 
Pneumatic  Motors 
Horns  and  Loudspeakers 
Turbine  and  Iht.  Comb. 

Eng.  Exh.  Stacks 
Turbine  and  Int.  Comb. 

Eng.  Air  Intakes 
Cool ing  Fans 
Flares  and  Vents 
Pneumatic  Leaks 


TABLE  II. 3.  EXPOSURE  BY  JOB  TITLE 


Type  of  Facll Ity 


Foreman 
Roustabout 
Welders/Grinders 
Crane  Operator 
Tool  Pusher 
Derrick  Man 
Deck  Hands 
Mud  Mixer 
Cook 

Electrician 

Mechanic 

Instrument  Repairman 


Typical  Exposure*  Time 


2-12 
4-10 
4-10 
3-10 
3-12 
2-10 
6-12 
6-10 
1  -  3 
2-10 
2-10 
2-10 


*  NOTE:  These  variations  were  obtained  by  observation  and  discussion 
with  offshore  workers. 


The  original  experimental  plan  developed  1n> Phase  I  sought  to  docu¬ 
ment  the  sound  pressure  levels  In  dB<A)  on  from  two  to  four  offshore  In¬ 
stallations.  This  documentation  was  to  include  the  measurement  of  sound 
pressure  levels  at  every  point  that  would  be  normally  occupied  by  offshore 
workers. 

The  measurement  equipment  used  during  this  study  Included: 

o  GenRao  Precision  Sound  Level  Meter  and  Analyzer,  Model  1982 

o  GenRad  Sound  Level  Calibrator,  Model  1562-A 

o  GenRad  Type  II  Sound  Level  Meter,  Model  1565-B 

o  GenRad  Windscreens 

Upon  arriving  at  a  new  facility,  an  Initial  survey  of  the  entire 
platform  was  made  In  order  to  become  familiar  with  the  equipment  layout, 
personnel  and  type  of  acoustic  environment.  After  the  initial  survey  was 
completed,  a  detailed  drawing  of  the  various  levels  of  the  facility  was 
obtained  and  sound  level  contours  were  measured.  The  use  of  sound  level 
contours  In  dB(A)  at  operator  ear  level  has  proven  over  the  years  to  pro¬ 
vide  the  best  format  for  recording  large  volumes  of  acoustic  data.  This 
format  also  provides  a  basis  for  studying  operator  exposure  by  allowing  the 
analyst  to  overlay  the  operator's  normal  work  paths  onto  the  drawings.  For 
these  measurements,  variations  of  less  than  2  dB(A)  were  recorded  as  the 
average  for  that  point.  Whore  variations  exceeded  this  range,  the  range 
was  noted  as  a  "max/mln"  pair  on  the  drawing. 

During  the  measurement  of  these  sound  level,  contours,  special 
attention  was  given  to  documenting  the  Impact  of  such  Items  as  partitions, 
walls,  screens  and  piping  on  the  sound  field  because  these  Items  can  be 
used  to  Improve  the  efficacy  of  various  abatement  techniques. 

Normal  procedures  were  followed  to  Insure  the  continued  accuracy  of 
the  measurements.  The  equipment  was  calibrated  at  the  start  and  end  of 
each  day  as  well  as  several  times  throughout  the  day.  In  addition,  when 
the  wind  levels  became  a  noticeable  variable  In  the  measurements,  wind 
screens  were  Installed.  At  no  time  were  sound  levels  measured  when  the 
wind  speed  exceeded  10  mph. 

During  the  conduct  of  the  study,  It  was  found  that  scaled  drawings 
were  not  available  for  certain  areas  of  some  of  the  platforms.  When  this 
was  the  case,  hand  sketches  were  made  of  the  areas  to  show  the  relative 
position  of  each  major  piece  of  equipment,  and  these  drawings  were  then 
used  to  plot  the  contours. 

In  those  highly  reverberant  areas  where  sound  level  contours  were 
not  possible,  point  sound  levels  were  noted.  On  the  drilling  rigs,  areas 
such  as  the  generator  and  mud  pump  rooms  were  often  too  reverberant  to 
allow  the  development  of  valid  contours. 
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II. 1.2. 2 


In  order  to  give  a  mere  complete  picture  of  the  nature  of  the  sound 
which  made  up  the  exposure  of  the  various  operators,  octave  band  levels 
were  measured  near  representative  noise  sources.  By  splitting  the  overall 
sound  level  Into  10  octaves,  It  Is  possible  to  Identify  not  only  the  por¬ 
tions  of  the  spectrum  that  contribute  most  to  the  overall  dB(A)  reading  but 
also  to  provide  the  basis  for  designing  or  selecting  the  most  effective 
noise  abatement  approaches. 

No  attempt  has  been  to  develop  a  comprehensive  list  of  all 

sources,  but  rather  the  emphasis  was  on  documenting  selected  sources  which 
were  significant  on  the  platforms  visited. 

The  locations  where  octave  band  test  points  were  taken  are  marked 
on  the  sound  level  contour  plots  for  each  Installation  and  are  tabulated 
later  In  the  report. 

II. 1.2. 3  Noise  Dosimetry 

For  many  Job  descriptions,  personnel  are  exposed  to  a  wide  range  of 
sound  pressure  levels  during  a  normal  workday.  One  procedure  for  determin¬ 
ing  the  equivalent  or  effective  exposure  level  experienced  during  a  work 
day  Is  to  have  tne  worker  wear  a  dosimeter.  The  effective  exposure  may  also 
be  obtained  by  manually  calculating  exposures  based  on  sound  pressure  level 
measurements  combined  with  time-motion  studies  of  the  employee.  Both  tech¬ 
niques  are  discussed. 

Noise  dosimeters  are  available  with  a  large  variety  of  features. 
Some  can  be  programmed  for  various  standards  via  Internal  switches  or  re¬ 
placeable  PROM's*.  Sampling  rate,  dynamic  range,  crest  factor,  weighting, 
response  time,  linearity,  and  resolution  vary  among  units.  Some  of  the 
dosimeters  can  also  be  used  as  sound  level  meters.  Many  of  the  dosimeters 
have  a  digital  display  which  indicates  the  accumulated  effective  exposure 
using  the  programmed  criterion  level,  threshold  level,  and  exchange  rate. 
Other  units  require  an  external  reader  which  can  then  provide  a  hard  copy 
or  dump  the  recorded  Information  to  a  computer  for  storage  or  further  pro¬ 
cessing. 


SwRI  utilized  the  Metrosonlcs  dB-301P/652  Metrologgers  and 
Metroreader  as  the  primary  dosimetry  system  In  this  study.  These  units 
were  programmed  with  an  82  dB(A)  criterion  level,  80  dB(A)  threshold  level, 
and  a  SdB  exchange  rate  as  recommended  In  USCG  Navigation  and  Vessel 
Inspection  Circular  No.  12-82  [7].  The  units  sampled  four  times  per 
second,  and  the  Lqsha  exposure  for  480  samples  (120  seconds)  was  stored  In 
the  unit's  memory.  The  Lqsha  exposure  was  computed  using  the  following 
equation. 


"Programmable  Read  Only  Memory 
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where 


L 1  Is  the  SPL  In  dB. 


The  Metro! oggers  are  capable  of  storing  a  maximum  of  480  such  values, 
providing  a  total  sample  duration  of  16  hours  when  2  minute  sampling 
times  are  used.  The  system  has  a  resolution  of  1  dB. 


When  sampling  Is  completed,  the  data  stored  In  the  Metrologger  Is 
transferred  to  the  Metroreader  which  provides  a  hard  copy  output  displaying 
time  history  of  the  exposure.  Figure  II. 2  Indicates  the  heading  Informa¬ 
tion  provided  by  the  system.  The  first  four  lines  of  the  header  provides 
owner  Information  followed  by  two  lines  of  Metroreader  Identification, 
Including  the  software  version  and  the  unit's  serial  number.  The  logger 
Identification  Is  then  printed.  The  remainder  of  the  printout  Is  labelled 
such  that  It  Is  fairly  self-explanatory.  We  have  added  short,  descriptions 
In  Figure  11.2  of  those  Items  which  may  not  be  clear. 


S.W.  RESEARCH  INST. 
ENGINEERING  SCIENCES 
DEPT.  OF  MECHANICAL 
SCIENCES  S. A.  TEXAS 


DB652  V10.2  S/N  1484 
METROREADER  SYSTEM 


Operating  range  for 
this  Unit  Is  70  to 
134  dB  - 


Sample  duration 


Number  of  samples 
Integrated  by  logger 


DB-3 01/27 80  S/N  3942 
CUTOFF  80  DB 

BASELINE  70  DB 

DYNAMIC  RANGE  64  DB 
SAMPLE  RATE  4/SEC 

STANDBY  =  00.09.09 

LOGGING  =  01.27.13 

SAMPLES  =  20933 

SITE  . 

DATE  . 

USER  . 


Number  of  sampling 
periods  - 

Sampl Ing  per1 od 
duration  - 


►  TOTAL  COMPS  = 
EXCHANGE  RATE 
PERIOD 


43 
5  DB 
2  MIN 


Threshold  crl^  aria 


Corresponds  to  ANSI 
"Slow" 

Zero  If  no  data  have 
been  logged. 

Increments  when; 
o  run  switch  is  In 
standby  position 
o  microphone  Is 
removed 

o  logger  Is  In 
calibrate  mode 

Doubling  rate 


FIGURE  I I. 2.  METROREADER  HEADER  INFORMATION 
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After  every  Period  of  time  the  logger  does  a  calculation  and  then 
stores  the  result.  The  number  of  Computations  made  is  listed  as  "TOTAL 
COMPS  B  nnnn".  The  next  line  Is  the  Exchange  (Doubling)  rate  used. 
Commonly  used  averaging  (Doubling)  rates  are: 


1™  =  3  dB  (Worldwide) 

L;LHa  =  5  dB  (U.S.  and  Canada) 

LD0D  =  4  dB  (u-s*  Dept*  of  Defense) 


Below,  we  will  use  the  term  "Lavg"  rather  than  one  of  the  specific  types. 

Figure  II. 3  shows  an  example  of  the  quasl-graphlcal  time  history 
printed  by  the  Metroreader. 

The  major  portion  of  a  time  history  listing  Is  the  time  versus 
Lavg  printout.  At  the  beginning  and  end  of  the  printout,  Lavg  annotation. 
In  dB,  are  printed  vertically  across  the  paper.  The  baseline  value  Is  at 
the  left  and  then  every  third  column  Is  10  dB  higher.  Logging  time  Is  an¬ 
notated  on  the  far  right  or  far  left  depending  on  the  value  being  printed. 

At  the  top  is  the  line  "HRS  ....  HRS"  or  "MIN  .  MIN"  as  the 

Period  requires.  The  dots  are  under  the  start  of  each  decade  (e.g.  60,  70, 
80 ,  90 ,  .  •  •  dB ) . 

The  actual  level  Is  printed  In  an  appropriate  column  so  that 
visually  the  lower  levels  are  on  the  left  while  Increasing  levels  are 
printed  more  to  the  right  side. 

After  this  printout,  several  Intermediate,  cumulative,  and  current 
Lavg's  are  printed.  The  cumulative  value  Is  from  the  start  of  the  test  to 
the  end  of  the  annotated  period  of  time,  while  the  current  value  Is  the 
Lavg  for  the  specific  period  only. 

The  Metrologger/Metroreader  system  was  selected  because  of  Its 
ability  to  provide  a  time  history  of  exposures.  Combined  with  a  time- 
motion  study  of  the  Individual's  work  activity.  It  Is  possible  to  associate 
high  periods  of  exposure  with  proximity  to  specific  sources  of  noise.  This 
feature  was  deemed  a  valuable  asset  for  a  research  study  although  a  system 
which  records  accumulated  doses  might  be  sufficient  to  determine  compliance 
with  prescribed  regulations.  The  dosimeter  should  also  provide  a  storage 
of  the  peak  SPL  detected  to  verify  that  the  prescribed  maximum  level  Is  not 
exceeded. 


The  second  procedure  for  determining  personnel  exposure  Is  to  map 
SPL  contours  of  the  facility  and  record  the  amount  of  time  the  Individual 
spent  within  each  level.  The  effective  exposure  level  can  then  be 
calculated  using  Equation  3. 
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Dots  are  spaced  10  dB 
.horizontally  and  20 
-minutes  vertically  In 
this  example 


Indicates  one  hour  of 
-logging  time 


FIGURE  II. 3.  EXAMPLE  OF  HISTOGRAM 
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A-welghted  sound  pressure  level  (dB(A))  during 
the  1-th  time  Interval*  At^ 

1-th  time  Interval 


m 


=  total  time  Interval  (l.e.  24  hours) 
for  Leff  (24) 


This  equation  assumes  a  5  dB  exchange  rate#  and  all  levels  below  80  dB(A) 
may  be  disregarded. 

To  successfully  evaluate  the  effective  exposure*  SPL  contours  must 
be  available  for  differing  operations.  For  example,  an  auxiliary  ge~erator 
may  be  run  periodically.  The  SPL  contours  In  the  vicinity  of  the  generator 
will*  therefore,  vary  depending  on  Its  operating  status.  The  location, 
frequency*  and  magnitude  of  the  noise  source(s)  will  affect  the  contour 
spacing  and  the  accuracy  necessary  In  the  time-motion  study.  The  employee 
may  work  In  an  area  of  relatively  constant  SPL,  requiring  a  minimum  of  ac¬ 
curacy  In  the  time  motion  study.  Alternatively,  the  employee  may  be  using 
equipment  which  Itself  Is  a  source  of  noise  (l.e.  welding,  sandblasting, 
paint  chipping,  drill  pipe  makeup  using  pneumatic  tongs,  etc.)  The  exposure 
due  to  these  operations  Is  very  much  dependent  on  the  number  of  times  the 
operation  Is  performed,  as  well  as  the  workers’  proximity  to  the  source. 
Therefore,  a  much  more  accurate  time-motion  profile  Is  required  to  evaluate 
the  cumulative  exposure. 

Additional  details  regarding  noise  dosimetry  are  Included  In 
Sections  III. 3  and  IV. 1.  These  sections  discuss  collection  and 
Interpretation  of  dosimetry  data. 

II. 2  Dust,  Fumes  and  Mists 

II. 2.1  Definition  of  Potential  Hazards 

Mists  were  seldom  encountered  during  either  the  Phase  I  or  Phase  II 
project  observations.  A  few  exceptions  should  be  noted,  however.  When 
drilling  fluid  passes  over  the  vibrating  screens  on  a  shale  shaker  on  a 
drilling  rig,  a  small  amount  of  mist  may  be  formed.  A  mist  of  water  drop¬ 
lets  may  also  be  formed  when  the  mudman  washes  down  the  shale  shaker  with 
a  water  hose.  Neither  type  of  mist  was  considered  to  be  a  hazard.  A  mist 
of  airborne  paint  droplets  was  observed  during  routine  spray  painting  oper¬ 
ations  on  offshore  drilling  and  production  facilities.  The  Inhalation  of 
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paint  vapor  and  spray  could  constitute  a  health  hazard  depending  upon  the 
nature  of  chemical  Ingredients  present  In  the  paint  and  the  level  of  worker 
exposure. 

Dust  and  particle  emissions  were  observed  during  several 
operations.  Fine  particle  dusts  were  produced  In  the  drilling  mud  makeup 
area  when  barite  and  dry  drilling  fluid  chemicals  were  added  to  the  mud 
through  dry  bulk  hoppers.  The  amount  of  airborne  dust  produced  varied  with 
the  fineness  of  the  particles.  Coursely  ground  nut  hulls  and  caustic  soda 
pellets  appeared  to  produce  very  little  airborne  dust  when  handled  by 
crewmen.  On  the  other  hand,  finely  ground  material  such  as  llgnltlc 
material  and  1 Ignosul fonates  produced  a  visible  dust  when  bags  were  slit 
open  and  emptied  into  the  hopper.  Sandblasting  was  observed  during  the 
offshore  familiarization  visits  on  Phase  I.  Silica  monitoring  equipment 
was  Included  on  the  Phase  II  test,  but  this  operation  did  not  occur  during 
the  seven  day  offshore  test  period.  Airborne  paint  chips  and  rust  were 
also  observed  during  paint  chipping  (removed  prior  to  repainting)  using 
pneumatic  air  chisels.  Inhalation  of  the  paint  particles  may  pose  a 
potential  hazard  depending  upon  the  base  materials  and  pigments  In  the 
paint  formulation. 

These  types  of  dust  emissions  may  present  a  health  hazard  to 
workers.  Inhalation  of  silica  dust  produced  during  sand  blasting  should  be 
avoided  because  it  could  lead  to  silicosis  and  permanent  lung  damage. 
Inhalation  of  dust  from  drilling  fluid  materials  and  paint  or  rust  chips 
may  present  a  health  hazard  depending  upon  the  nature  of  the  chemical 
Ingredients  present  and  the  concentration  level  and  duration  of  the 
worker's  exposure. 

Information  on  potentially  hazardous  Ingredients  In  drilling  fluid 
materials  and  paint  materials  can  be  found  In  the  Material  Safety  Data 
Sheets  that  are  compiled  by  the  product  manufacturer.  Some  drilling  fluid 
chemicals,  such  as  sodium  hydroxide,  have  an  accepted  Threshold  Limit  Value 
(TLV-TWA)  or  Short  Term  Exposure  Limit  value  (TLV-STEL).  Other  chemicals 
which  are  blends  of  sevoral  Ingredients,  may  contain  some  percentage  of  a 
potentially  hazardous  ingredient  such  as  chrome  or  free  silica.  If  the 
dust  producing  material  does  not  contain  potentially  toxic  Ingredients,  It 
may  be  considered  to  be  a  nuisance  particulate.  In  this  case,  either  a 
total  dust  concentration  or  a  respirable  fraction  dust  concentration  may  be 
measured  and  compared  with  the  respective  limit  values  of  10  mg/m^  (total) 
or  5  mg/irr  (respirable)  for  nuisance  particulate  substances. 

Material  Safety  Data  Sheets  can  be  valuable  guides  for  Identifying 
toxic  constituents  for  exposure  assessments.  These  sheets  are  equivalent 
In  structure  to  the  OSHA  Form  20s.  One  difficulty  that  arises  In  using 
these  sheets  to  Identify  Ingredients  for  occupational  exposure  sampling  and 
analysis  Is  the  Information  on  the  bulk  material  that  appears  In  Section 
II  -  Hazardous  Ingredients.  Two  competing  mud  products  that  perform  the 
same  function  would  be  expected  to  have  similar  chemical  and  trace  metal 
assays.  However,  the  level  of  detailed  breakdown  on  composition  Is  highly 
variable  to  the  extent  that  one  sheet  may  treat  the  product  as  a  nuisance 
dust  while  the  sheet  for  the  competing  product  that  performs  the  same 
function  indicates  trace  levels  of  toxic  Ingredients.  This  situation  could 
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be  remedied  by  specifying  the  minimum  concentration  In  bulk  above  which  a 
substance  would  be  Included  In  Section  II.  This  situation  was  encountered, 
and  It  was  resolved  by  consulting  data  sheets  for  other  competitive  mud 
products. 


II. 2. 2  Experimental  Methodology 

II. 2. 2.1  Drilling  Fluid.  Chemicals 

Sampling  for  airborne  dust  Is  accomplished  by  drawing  a  continuous 
stream  of  air  through  a  filter  cassette  for  a  predetermined  length  of  time. 
Although  It  Is  relatively  simple  to  collect  a  dust  sample  for  a  derrick 
man#  mud  engineer  or  roustabout  when  he  adds  drilling  fluid  materials  to 
a  hopper#  the  analysis  of  the  sample  depends  upon  the  nature  of  the 
chemicals  on  the  filter.  In  order  to  ensure  the  proper  analysis  of 
airborne  dust  samples  collected  during  drilling  fluid  additions#  the 
following  steps  were  taken: 

(1)  A  bulk  sample  was  collected  for  each  of  the  drilling  fluid 
materials  added  to  the  hopper  during  the  observation.  These 
samples  could  be  analyzed  by  X-ray  fluoresence  to  determine 
the  presence  of  trace  metals#  and  to  guide  the  analysis  of 
personal  dust  samples. 

(2)  A  record  was  kept  of  how  many  bags  of  the  various  drilling 
fluid  chemicals  were  added  to  the  hopper  during  each  personal 
sampling  period.  This  information  was  also  used  to  guide  the 
analysis  of  Individual  filter  cassettes. 

(3)  Area  samples  of  dust  in  the  vicinity  of  the  hopper  were  col¬ 
lected  by  attaching  a  filter  cassette  and  pump  to  the  lower 
portion  of  the  barite  bulk  tank  at  a  cassette  height  approxi¬ 
mately  equal  to  the  breathing  zone  height  of  a  crewman  stand¬ 
ing  close  to  the  hopper.  These  samples  could  be  analyzed  to 
determine  the  presence  of  metals  and  specific  chemical  Ingre¬ 
dients  contained  In  the  airborne  dust  during  solids  addition 
through  the  hopper.  This  Information  could  guide  the  analy¬ 
sis  of  the  personal  dust  samples. 

(4)  A  personal  sample  of  respirable  dust  fraction  was  collected 
by  drawing  a  continuous  stream  of  air  through  a  miniature 
cyclone  assembly  fitted  with  a  membrane  filter.  The  cyclone 
separator  and  membrane  filter  assembly  was  attached  to  the 
crewman's  lapel.  Air  from  the  breathing  zone  was  drawn 
through  the  cyclone  assembly  by  a  pump  attached  to  the  crew¬ 
man's  belt.  The  respirable  dust  sample#  which  was  collected 
on  PVC  filters#  was  analyzed  by  weighing  the  Individual  mem¬ 
brane  filters  both  before  and  after  exposure.  The  average 
dust  concentration  Is  determined  from  the  Increase  In  weight# 

W»  the  volumetric  flowrate  of  the  pump#  Q»  and  the  duration 
of  exposure. 
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C  -  1000  ^  (4) 

where  _ 

C  B  average  dust  concentration,  mg/rri 

AW  *  Increase  In  weight  after  exposure,  mg 

Q  *  volumetric  flowrate  of  the  pump,  llters/mln 

At  B  time  of  exposure  to  dusty  environment,  min. 


This  method  of  analysis  Is  appropriate  If  the  dust  has  been 
determined  to  be  a  nuisance  particulate. 

(5)  A  personal  sac^.e  of  total  dust  was  collected  by  drawing  a 

continuous  stream  of  air  through  a  cassette  that  contained  an 
MEC  (mixed  ester  of  cellulose)  filter.  This  sample  was  used 
for  elemental  analysis  If  It  was  determined  that  the  just 
contained  metals  or  other  potentially  toxic  Ingredients. 
However,  If  the  dust  was  determined  to  be  a  nuisance  parti¬ 
culate,  this  sample  could  be  weighed  to  determine  the  total 
dust  concentration.  All  MEC  filters  were  preconditioned  and 
tarod  for  this  purpose. 

Each  pump  that  was  used  for  non- respirable  sampling  was  adjusted 
and  calibrated  to  give  a  nominal  volumetric  flowrate  of  1,7  liters/minute 
with  a  representative  load  In-line.  A  separate  set  of  pumps  were  used  for 
respirable  dust  sampling,  and  they  were  calibrated  with  the  cyclone/ 
cassette  assembly  attached.  Calibrations  were  performed  before  and  after 
each  dust  sampling  activity  (after  about  six  hours  of  continuous  opera¬ 
tion).  The  duration  of  each  dust  samp’s  was  approximately  100  minutes. 
Pulsation  dampened  pumps  were  used. 

Figure  II. 4  shows  a  photograph  of  a  roustabout  wearing  both  a 
respirable  and  total  dust  sampling  assembly  and  a  noise  dosimeter  during 
barite  addition  to  the  hopper.  The  details  of  the  samples  collected  and 
the  method  of  analysis  employed  are  discussed  further  In  Section  Iil.4. 

ii. 2.2. 2  Wei  dins  fumes 

Breathing  zone  samples  of  welding  fumes  were  collected  by  a  filter 
cassette  assembly  adjacent  to  the  welder’s  nose  and  mouth.  When  the  helmet 
was  lowered  into  position,  the  filter  cassette  was  pressed  against  the 
welder’s  cheek,  placing  the  Inlet  approximately  two  Inches  from  the  center¬ 
line  of  the  welder’s  breathing  zone.  When  the  helmet  was  up  or  was  not 
worn,  the  cassette  remained  within  nine  Inches  of  the  welder’s  nose  C5D . 
Fume  particles  collected  on  the  filter  are  generally  submicron  sized  solid 
particulate  matter  generated  by  the  welding  process.  Several  factors  can 
affect  the  fume  concentration  In  the  welder’s  breathing  zone.  These 
factors  Include: 
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o  Environmental  Conditions; 

o  Type  and  brand  of  welding  consumables; 

o  Welding  parameters; 

o  Base  metal ; 

o  Surface  coatings  or  contaminants; 

o  Design  of  welding  helmet- 

These  factors  are  discussed  In  more  detail  below. 

Environmental  conditions  which  affect  fume  concentrations  and  the 
Individual's  exposure  level  should  be  recorded.  These  Include  Items  such 
as  room  size,  celling  height  and  the  ventilation  conditions  of  the 
environment.  The  use  of  a  general  or  local  exhaust  system  should  be 
recorded.  If  available,  actual  room  air  flow  rates,  air  changes  per  hour, 
and  their  direction  with  respect  to  the  weld  zone  should  be  recorded.  The 
position  of  the  welder's  helmet  with  respect  to  the  weld  zone  and  plume, 
and  adjoining  operations  should  also  be  recorded. 

The  type  and  manufacturer's  brand  of  welding  consumable  should  be 
recorded.  The  AWS  electrode  or  rod  classification,  diameter  and  any  gas 
shielding  conditions  and  composition  should  be  recorded  as  these  Items  can 
be  used  to  Identify  substances  for  chemical  analysis. 

Welding  parameters  can  have  a  pronounced  Influence  on  fume 
generation  rate.  Of  particular  Importance  are  welding  current#  polarity 
and  arc  length  Care  voltage).  Other  welding  parameters  such  as  travel 
speed,  electrode  feed  speed  and  electrode  extension.  If  applicable,  and 
arc  time  can  be  equally  important  and  should  also  be  recorded. 

Fume  concentration  and  composition  can  also  be  Influenced  by  base 
metal  alloy  and  surface  coatings  or  contaminants.  Notation  that  surfaces 
contain  paint,  oil,  scale,  metal  plating,  etc.,  should  be  recorded  as  well 
as  the  base  metal  alloy. 

The  design  of  the  helmet  can  Influence  the  total  fume  level 
entering  the  breathing  zone.  Helmet  brand  name  and  design  type  should  be 
recorded.  Because  the  design  of  the  helmet  can  Influence  the  exposure.  It 
Is  desirable  to  attach  the  filter  cassette  to  the  welder’s  personal  helmet 
rather  than  Instrument  a  "standard"  test  helmet.  A  means  of  attaching  the 
cassette  to  goggles  or  a  face  shield  should  also  be  provided  so  the  sample 
may  continue  to  be  collected  when  the  helmet  Is  not  being  worn.  This  can 
be  achieved  by  clipping  the  tubing  that  holds  the  cassette  to  the  helmet, 
face  shield  hinge  point  or  the  band  on  the  goggles.  Figures  II. 5  and  II. 6 
show  the  position  of  a  cassette  fastened  In  this  manner. 

Sampling  of  the  welding  fumes  requires  a  calibrated  system  which 
Includes  a  pump,  filter  cassette,  and  connecting  tubing.  The  system  Is 
calibrated  to  obtain  a  constant  sampling  rate  of  1.5  to  1.7  liters  per 
minute,  ±  5  percent.  Pre-test  calibration  Is  accomplished  by  attaching  a 
"calibration  cassette"  to  the  tubing  and  a  bubble  meter.  The  cassette  Is 
used  with  the  face  closed  and  the  plug  removed.  The  pump  Is  adjusted  to 
the  desired  flow  rate  and  the  time  to  draw  a  known  volume  (l.e.  1000  cc) 
through  the  bubble  meter  and  cassette  Is  recorded.  The  check  Is  run  a 


FIGURE  II. 6.  FIl TER  CASSETTE  SUSPENDED  FROM  GOGGLES 


total  of  five  times  to  provide  a  base  for  calculating  the  average  flow 
rate.  The  flow  rate  check  Is  repeated  five  times  following  completion  of 
the  sampling  to  obtain  the  post-test  calibration. 

The  sampling  procedure  employed  utilizes  a  three-piece  cassette 
containing  a  37  mm  dlamter,  0.8  pore  size,  mixed  cellulose  acetate 
membrane  filter  and  backup  pad.  The  filter  may  be  conditioned  and  weighed 
before  and  after  sampling  to  determine  the  weight  of  total  particulates 
deposited.  If  desired.  In  addition  to  calculating  the  total  weight  of  the 
particulates,  the  elemental  composition  Is  determined  using  X-ray  fluores¬ 
cence  analysis.  Detailed  procedures  are  available  In  MOSH  Manual  of  Ana¬ 
lytical  Methods  -  Volume  7.  August  1981,  under  P  &  CAM  Method  No.  345  [63. 

11. 2. 2. 3  Rust  and  Paint  Chipping 

Sampling  for  particulate  material  produced  during  paint  chipping  is 
accomplished  In  a  manner  similar  to  sampling  for  drilling  fluid  dust.  In 
this  case,  three  steps  were  taken  as  follows: 

(1)  Bulk  samples  .f  paint  chip  particles  were  collected  from  the 
area  where  th6  work  was  performed  (rafter  sample).  These 
samples  wer j  analyzed  by  X-ray  fluoresence  to  determine  the 
presence  of  trace  metals  and  to  guide  the  analysis  of  the 
personal  dust  samples. 

(2)  A  record  was  kept  of  the  duration  of  paint  chipping,  the 
posture  of  the  roustabout  (proximity  of  his  breathing  zone 
to  the  airborne  debris)  and  the  nature  of  the  chips  produced 
(fine  or  coarse). 

(3)  A  personal  sample  of  the  total  dust  fraction  was  collected  by 
drawing  a  continuous  stream  of  air  through  a  filter  cassette 
attached  to  the  roustabout's  lapel.  This  sample  was 
subjected  to  a  chemical  analysis  of  Individual  particulate 
concentration  as  described  In  Section  III. 4.  Each  sample 
pump  was  calibrated  to  a  volumetric  flowrate  of  about  1.7 

1  Iters/minute. 

Figure  II. 7  shows  a  photograph  of  a  roustabout  wearing  a  total  dust 
sampling  assembly  and  a  noise  dosimeter  during  paint  chipping. 

11. 2.2. 4  Silica  from  Sandblasting 

Personal  sampling  for  free  silica  resulting  from  sandblasting 
operations  requires  a  sample  to  be  drawn  through  a  cyclone  assembly  and 
onto  the  filter  media  of  a  filter  cassette.  A  continuous  stream  of  air  Is 
drawn  through  the  miniature  cyclone  attached  to  the  worker's  lapel  to 
obtain  a  breathing  zone  sample.  A  pump  Is  calibrated  with  a  10  mm  nylon 
cyclone  holding  a  cassette  with  a  37  mm  diameter,  5.0  pore  size  PVC 
(polyvinyl  chloride)  filter.  The  system  Is  calibrated  to  draw  1.7  liters 
per  minute  using  a  bubble  meter  calibration  fixture. 
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The  personal  samples  and  a  bulk  or  rafter  sample  are  analyzed  by 
X-ray  diffraction  to  determine  the  presence  of  free  silica  polymorphs.  The 
analytes  Include  quartz#  crl stobal Ite,  and  trldymlte.  The  sampling  and 
analysis  procedure  Is  given  in  NIOSH  P&CAM  259. 

II. 3  Gases  and  Vapors 

11.3.1  Definition  of  Potential  Hazard 

Phase  I  of  the  Crew  Exposure  project  [1]  paid  particular  attention 
to  sources  of  gas  and  vapor  on  offshore  facilities.  Gases  and  vapors  from 
down  hole  are  sometimes  found  In  the  flow  of  drilling  fluid  that  trans¬ 
ports  rock  cuttings  to  the  surface  for  removal  at  the  shale  shaker.  These 
formation  gases#  Including  hydrocarbon  vapors  and  Inorganic  gases  such  as 
hydrogen  sulfide#  carbon  dioxide#  helium  and  nitrogen#  may  break  out  of 
solution  from  the  drilling  fluid  at  the  shale  shaker.  Hydrogen  sulfide  Is 
a  gas  of  particular  hazard,  but  It  was  outside  the  Scope  of  Work  of  this 
project.  The  hydrocarbon  vapors  range  from  simple  asphyxiants#  such  as 
methane,  ethane  and  propane#  to  substances  with  established  Threshold  Limit 
Values  (TLV)  and  Short  Term  Exposure  Limits  (STEL),  such  as  butane, 
pentane#  hexane  and  benzene.  Whether  or  not  the  presence  of  these  gases  In 
the  workplace  constitutes  a  hazard  depends  upon  their  concentration  In  the 
air.  The  concentration  level  of  gas  near  the  shale  shaker  will  depend  upon 
the  concentration  of  gas  In  the  mud#  the  mud  circulation  rate  and  the  fresh 
air  ventilation  arrangements  near  the  shale  shaker. 

The  drilling  fluid  may  also  emit  a  vapor  Into  work  areas  near  the 
mud  pits  and  mud  cleaning  equipment.  In  the  case  of  a  water  base  mud,  the 
vapor  Is  mostly  water  vapor.  An  oil  base  mud  with  diesel  fuel  as  the  oil 
phase  can  emit  a  "diesel  fuel"  vapor  (actually  a  mixture  of  several  hydro¬ 
carbon  vapors)  that  may  be  Irritating  to  the  eyes  or  respiratory  system. 

On  production  platforms  fugitive  emissions  of  natural  gas  and  crude 
oil  vapors  may  be  found  In  the  wellhead  area#  around  oll/water/gas  and 
oil/water  separators#  from  atmospheric  vents  or  sumps,  around  gas 
compressors  and  near  gas  engines  that  are  used  as  a  power  source  for  pumps 
and  compressors.  Natural  gas  emissions  may  also  be  discovered  from 
Instrumentation  and  flow  controllers  that  use  natural  gas  as  an  Instrument 
air  supply.  Fugitive  vapor  emissions  may  also  be  released  from  drums  of 
specialty  chemicals  (corrosion  inhibitors,  cleaning  detergents# 
bactericides,  anti-freeze  additives)  that  are  vented  to  the  atmosphere. 

11. 3. 2  Experimental  Methodology 

The  experimental  methodology  for  locating  and  characterizing 
emission  sources  of  gases  and  vapors  was  unchanged  from  Phuse  I  tlJ.  The 
Phase  I  study  showed  that  most  of  the  emissions  on  production  platforms  are 
organic  hydrocarbons.  Emission  sources  of  organic  vapors  and  gases  can  be 
located  quickly  with  an  instrument  like  the  Century  Systems  Organic  Vapor 
Analyzer  (now  manufactured  by  Foxboro).  It  can  be  operated  In  either  a 
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total  hydrocarbon  or  gas  chromatograph  mode,  and  It  is  certified  for  use  In 
Class  1#  Division  1,  Groups  A,  B,  C,  and  D  hazardous  areas.  In  the  "total 
hydrocarbon"  mode,  it  gives  a  continuous,  direct  readout  of  total  organic 
vapor  concentration  for  area  surveys.  This  feature  Is  particularly  useful 
for  walk-through  area  surveys  in  tracking  an  organic  contaminant  gas  or 
vapor  cloud  back  to  Its  source. 

Once  a  contaminant  emission  source  is  Identified,  It  Is  necessary 
to  characaterl ze  the  source  constituents  and  concentration  distribution. 

For  this  purpose,  the  source  gas  or  vapor  sample  can  be  drawn  through  a 
sampling  pump  and  collected  In  an  Inert  collection  bag.  The  contents  of 
the  collection  bag  are  then  analyzed  by  a  gas  chromatograph.  As  discussed 
In  Qj,  the  emission  source.,  on  offshore  oil  and  gas  drilling  and 
production  facilities  are  expected  to  consist  mainly  of  natural  gas  end 
crude  oil  vapors.  To  separate  these  constituents,  an  appropriate  column 
must  be  used  with  the  chromatograph. 

For  fl ams-lonlzation  chromatographs,  the  contents  of  a  source 
sample  collection  bag  may  be  too  concentrated  and  may  .ause  a  flameout  of 
the  flame  Ionization  detector.  If  a  flameout  does  occur,  a  secondary 
diluted  sample  can  be  prepared  by  mixing  gas  from  the  source  collection  bag 
with  ambient  air  In  another  Inert  bag. 

Area  sampling  for  gases  and  vapors  Is  performed  In  a  similar  manner 
as  source  sampling.  An  Inert  collection  bag  Is  attached  to  a  sampling  pump 
and  a  gas  sample  Is  collected  In  the  bag  for  a  period  of  10  minutes.  Area 
samples  should  be  collected  at  man  breathing  height,  or  about  1.68  m,  by 
mounting  the  sampling  pump  and  collection  bag  on  a  tripod.  The  contents  of 
the  sample  collection  bag  are  analyzed  with  a  gas  chromatograph. 

Personal  sampling  for  gases  and  vapors  Is  usually  accomplished  by 
drawing  air  samples  from  the  worker's  breathing  zone  through  charcoal 
sampling  tubes  for  a  fixed  period  of  time.  Organic  vapors  present  In  the 
alrstream  may  be  adsorbed  onto  the  charcoal.  After  exposure,  the  charcoal 
tube  Is  returned  to  the  laboratory,  and  any  chemicals  present  are  desorbed 
from  the  charcoal  and  analyzed  to  determine  a  time  weighted  average 
concentration.  Unfortunately,  It  Is  not  possible  to  use  charcoal  tubes  to 
collect  many  of  the  gases  and  vapors  (In  particular,  methane,  ethane, 
propane  and  butane)  that  are  known  to  be  present  in  contaminant  emission 
sources  on  offshore  oil/gas  drilling  and  production  facilities.  If  the 
area  sampling  results  Indicate  that  crew  workers  are  likely  to  be  breathing 
air  containing  significant  concentrations  of  these  gases,  then  another 
procedure  can  be  Implemented.  Short  duration  (approximately  10  minutes) 
samples  of  the  air  In  a  worker's  breathing  zone  (drawn  through  a  pump  and 
collected  in  an  Inert  sample  collection  bag)  should  then  be  analyzed  by  a 
gas  chromatograph.  These  personal  sample  results  can  then  be  related  to 
the  results  of  the  source  and  area  gas  and  vapor  sampling  activities.  If 
the  GC  traces  from  source  and  area  samples  indicate  the  presence  of  a 
chemical  vapor  other  than  methane  through  butane,  then  charcoal  tubes 
should  be  used  for  personal  sampling. 
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The  Phase  I  study  thoroughly  characterized  the  gas  and  vapor 
emission  sources  on  offshore  facilities;  therefore,  it  was  not  Intended  to 
repeat  this  extensive  effort  In  the  Phase  11  observation. 

II. 4  Liquids 

1 1 . 4 . 1  Definition  of.  Potential  Hazard 

Some  hazardous  materials  In  liquid  form  have  been  cnserved  on  both 
drilling  rigs  and  production  platforms.  For  example,  bloclces  containing 
acrolein  are  used  to  control  the  growth  of  micro-organisms  in  oil  field 
water  systems,  and  methanol  may  be  used  to  prevent  freezing  In  fuel  gas 
lines  on  production  facilities.  On  drilling  rigs,  caustic  soda  (sodium 
hydroxide)  may  be  added  as  a  liquid  to  the  drilling  fluid.  However,  the 
addition  of  caustic  soda  in  dry  pellet  form  was  observed  most  frequently  by 
project  team  members. 

Liquids  that  come  into  contact  with  the  skin  may  present  a  hazard 
as  discussed  In  Appendix  1,  Dermatological  Effects  of  Drilling  Fluids,  In 
the  Phase  I  Final  Report  [13.  Some  liquids  can  produce  skin  sensitization 
and  Irritation,  while  others  may  affect  health  if  absorbed  through  the 
skin.  Roughnecks  working  on  the  drilling  rig  floor  often  come  Into 
contact  with  the  drilling  fluid  when  adding  or  removing  joints  of  drill 
pipe.  Whether  or  not  skin  contact  with  the  drilling  fluid  produces  a 
health  hazard  depends  upon  (1)  the  nature  and  the  amount  of  chemicals 
present  in  the  mud  that  could  produce  dermatological  effects,  (2)  the 
extent  of  skin  contact  (area  covered)  and  (3)  the  duration  of  exposure. 

For  example,  a  derrlckman  working  in  the  mud  pit  area  may  get  drilling 
fluid  on  his  hands  and  arms  when  he  takes  samples  for  periodic  measurements 
of  drilling  fluid  properties.  However,  he  usually  is  able  to  wash  the 
fluid  from  his  skin  promptly  so  that  the  duration  of  exposure  Is  short. 

n. 4. 2  E^grJjmgnta]  M9thp.dplp.ay 

The  Phase  I  test  plan  called  for  the  characterization  of  any 
occurrence  of  extensive  dermal  (skin)  exposure  to  drilling  fluids  or 
potentially  hazardous  liquids.  The  characterization  should  provide 
Information  concerning 

o  the  Identity  of  the  liquid  in  contact  with  the  skin 
and  possible  Irritants  contained  in  the  liquid. 

o  the  location  and  approximate  area  of  skin  or  clothing 
In  contact  with  the  liquid. 

o  the  duration  of  contact,  and, 

o  personal  hygiene  and  protective  equipment. 

Where  possible,  documentation  should  also  Include  photographs. 
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ill.  IMPLEMENTATION  OF  EXPERIMENTAL  PLAN 


III .1  Description  of  Facilities  and  Operations 

During  the  period  from  April  25  to  May  2#  1983.  tout  engineers  from 
SwRI  and  the  USCG  Project  Technical  Monitor  took  part  In  an  observation  of 
offshore  drilling  and  production  operations.  The  project  team  visited  a 
total  of  seven  fixed  platform  structures  and  two  drilling  rigs  as  shown  In 
Table  III.l.  During  the  seven-day  observation  a  combination  of  (1)  sound 
pressure  level  measurements,  (2)  noise  dosimetry  measurements,  and  (3)  dust 
and  particulate  sampling  activities  were  carried  out.  These  activities  are 
summarized  below. 


Measurements  of  sound  pressure  were  made  and  recorded  on  each 
level  of  every  platform  and  drilling  rig  listed  in  Table  III.l. 
The  polnt-by-polnt  measurements  of  sound  pressure  were  used  to 
develop  contour  maps  of  sound  pressure  level  over  the  platform 
surface.  When  possible,  sound  pressure  level  values  were  re¬ 
corded  with  different  pieces  of  equipment  In  operation.  Also, 
sound  pressure  measurements  on  Drilling  Rig  No.  1  were  recorded 
during  both  tripping  and  drilling  operations. 

o  Earsanal  Noise.  Dosimetry 

Table  III. 2  summarizes  the  noise  dosimetry  measurement  activi¬ 
ties  of  the  SwRI  project  team.  Our  activities  focused  on  de¬ 
termining  the  12-hour  noise  dosage  for  platform  and  rig  workers 
who  worked  In  proximity  to  sound  producing  equipment. 

o  Particulate  Samel Ina  Activities 

Table  III. 3  summarizes  the  particulate  sampling  activities  per¬ 
formed  during  the  offshore  observation.  Air  samples  from  the 
breathing  zone  were  collected  for  throe  classes  of  workers,  (1) 
welders  and  assistants,  (2)  roustabouts  adding  chemicals  to  the 
drilling  fluid,  and  (3)  roustabouts  performing  paint  and  rust 
chipping.  For  the  roustabouts,  samples  of  the  particle  residue 
(rafter  samples)  were  collected  for  analysis  to  determine  the 
presence  of  trace  metals,  coating  materials,  etc. 

The  detailed  results  of  these  activities  are  presented  In  the 
sections  that  follow. 

HI. 2  Sound  Pressure  Levels 

During  the  one  week  of  field  testing,  SwRI  personnel  conducted 
Sound  Pressure  Level  (SPL)  surveys  on  seven  production  platforms  and  two 
drilling  rigs.  This  section  of  the  report  describes  the  measurements  that 
were  made  and  the  format  for  presenting  the  data.  The  bulk  of  the  actual 
data  Is  presented  In  Appendix  A. 
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TABLE  III.l. 


LIST  OF  OFFSHORE  STRUCTURES  AND  PROJECT  ACTIVITIES 


Structure 

Operations 

Protect  Acti  itles 

Platform  1 

011/gas  production 

Sales  compressor 

Welder's  work  area 

Sound  pressure  ontours 
Nol:  a  dosimetry 

Sampling  for  welding 
fumes  and  particulates 

Platform  2 

011/gas  production 

Sound  pressure  contours 
Noise  dosimetry 

Platform  3 

011/gas  production 

Gas  lift  compressor 
Welder's  (temporary) 
work  area 

Sound  pressure  contours 
Noise  dosimetry 

Sampling  for  welding 
fumes  and  particulates 

Platform  4 

011/gas  production 

Well  work-over  rig 

Sound  pressure  contours 

Platform  5 

011/gas  production 

Sound  pressure  contours 

Platform  6 
and 

011/gas  production 

Sound  pressure  contours 

Drill  Ing  Rig  1 

Drilling  and  Tripping 

Sound  pressure  contours 
Noise  dosimetry 

Sampl Ing  for  drill Ing 
fluid  particulates 

Platform  7 
and 

011/gas  production 

Sound  pressure  contours 

Drill Ing  Rig  2 

Well  completion  activities 
Rig  maintenance  (chipping 
paint  and  rust*  spray 
painting) 

Sound  pressure  contours 
Noise  dosimetry 

Sampling  for  rust  and 
paint  particulates 
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TABLE  III. 2.  SUMMARY  OF  NOISE  DOSIMETRY  ACTIVITIES 


Exposure 
Cumul atlve 


Job  Title 

Location 

hit.)  Y  ill 

Noise 

Logglni 

Hours 

Roustabout 

Rig  No.  2 

Chipping  paint*  rust  and 
spray  painting 

106.7 

11.5 

Roustabout 

Rig  No.  2 

Chipping  paint*  rust  and 
spray  painting 

102.6 

11.4 

Driller 

Rig  No.  1 

Operating  controls  at 
driller's  console  during 
tripping 

91.4 

11.8 

Driller 

Rig  No.  1 

•Operating  controls  at 
driller's  console  during 
drill Ing 

90.8 

12.0 

Derrlckman 

Rig  No.  1 

Racking  stands  of  drillpipe 

In  derrick  during  tripping 

85.9 

12.0 

Derrlckman 

Rig  No.  1 

Test  drilling  fluid*  add 
chemicals  to  drilling  fluid, 
service  the  mud  pumps 

95.4 

11.8 

Roustabout 

Rig  No.  1 

Add  chemicals  to  drilling 
fluid 

91.6 

5.5 

Roustabout 

Rig  No.  1 

Add  chemicals  to  drilling 
fluid 

90.2 

1.5 

Assistant 

Operator 

Platform  1 

Collect  operation  data  on 
gas  compressor.  Perform 
routine  maintenance  and 
assistance 

88.9 

12.0 

Roustabout 

Platform  I 

Collect  operation  data  on 
turbine  maintenance  and 
assistance 

88.2 

12.0 

Welder 

Platform  1 

Welding  and  grinding 

90.3 

10.7 

Electrician 

PI  atforms 

1  and  2 

Maintenance  and  repair 

84.7 

11.0 

Welder 

Platforms 

1  and  3 

Job  setup*  welding  and 
grinding 

85.1 

12.0 

Welder's 

Assistant 

PI  atforms 

1  and  3 

Job  setup*  welding  and 
grinding 

87.3 

12.0 
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To  measure  the  SPL's,  SwRI  used  the  GENRAD  Type  1,  Precision  Sound 
Level  Meters  described  In  Section  II. 1.2.  In  accordance  with  NVC  12-82  and 
applicable  ANSI  procedures,  these  instruments  were  calibrated  at  the  begin¬ 
ning  and  end  of  each  day.  In  addition,  they  were  periodically  checked  dur¬ 
ing  the  day  to  ensure  that  they  were  In  calibration. 


Where  possible,  SwRI  utilized  platform  drawings  provided  by  the 
participating  company.  SPL  measurements  were  Indicated  on  the  drawings  and 
operating  conditions  were  documented.  One  person  collected  SPL  data  while 
a  second  Individual  recorded  the  discrete  points,  drew  in  contours,  and 
documented  the  operating  conditions.  Development  of  the  contours  was  fa¬ 
cilitated  by  moving  the  SPL  meter  along  an  isobar  between  two  discrete 
points.  This  procedure  enabled  a  two-man  team  to  rapidly  characterize  the 
SPL  contours  on  a  platform.  In  a  few  cases,  engineering  drawings  were  not 
available  or  they  were  not  current.  In  these  cases,  SwRI  personnel  made  a 
sketch  of  the  facility  for  recording  data. 

Figure  III.l  Is  an  example  of  the  data  presented  In  Appendix  A. 

The  bold  contours  broken  by  numbers  are  the  SPL's  during  "normal"  opera¬ 
tions.  Normal  here  indicates  the  conditions  most  likely  to  be  present. 

The  broken  lines  with  numbers  show  the  shift  In  SPL's  due  to  a  change  In 
operating  conditions.  There  Is  also  a  cross  hatched  area  enclosing  an 
asterisk.  This  represents  an  area  of  SPL's  which  were  compared  to  noise 
dosimetry  data.  More  detail  on  this  comparison  can  be  found  In  Section 
IV. 1.3.  Finally,  there  are  triangles  with  enclosed  numbers,  which  indicate 
the  points  where  octave  band  analyses  were  conducted. 


An  octave  band  analysis  Is  generally  performed  to  characterize  a 
noise  source.  The  procedure  Involves  using  a  bandpass  filter  to  pass  a 
selected  frequency  within  an  octave  band.  The  center  frequencies  for 
octave  bands  considered  are:  31.5,  63,  125,  250,  500,  1000,  2000,  4000, 
8000,  and  16,000  Hz.  Note  that  a  doubling  of  the  frequency  occurs  for  each 
octave  step.  SwRI  personnel  collected  octave  band  data  on  selected  noise 
sources  as  indicated  In  Tables  III. 4  and  III. 5.  The  tables  provide  a  sum¬ 
mary  of  C-welghted  (flat)  SPL's  by  octave  band.  They  also  indicate  the 
overall  SPL  resulting  from  the  combination  of  octave  band  levels.  Two 
values  of  overall  SPL  are  reported.  Th8  "Flat"  overall  level  is  based  on 
C-welghtlng,  and  the  dB(A)  level  is  based  on  A-welghtlng. 


The  manner  In  which  the  decibel  Is  defined  requires  the  use  of  a 
special  formula  to  calculate  the  overall  SPL's.  For  C-welghtlng,  the  re¬ 
sultant  SPL  Is  calculated  from: 


SPL 


RES 


10  LOG 


10 


Z 

I  =  1 


SPL (I)/ 


10 


10 


(5) 


where 


SPL(I)  Is  the  sound  pressure  level  In  the  I-th  octave  band,  and 
SPLres  Is  the  resultant  sound  pressure  level. 
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FIGURE  III.l.  UPPER  LEVEL  -  PLATFORM  NO.  1  -  SOUND  PRESSURE  LEVEL  CONTOURS  IN  dB<A) 


TABLE  III. 4.  OCTAVE  BAND  ANALYSIS  OF  SELECTIVE  SOURCES 


A 

A 

A 

A 

A 

PI atform: 

No.  1 

No.  1 

No.  1 

No.  1 

No.  1 

Generator 

Compressor 

Area : 

Manl fol d 

Room 

Room 

Air  Intake 

Fan 

Dwg.  No.: 

A.  1 

A. 2 

A.l 

A. 3 

A. 5 

Date: 

4-26-83 

4-26-83 

4-26-83 

4-26-83 

4-26-83 

Time: 

6:46  AM 

7:37  AM 

9:18  AM 

12:22  PM 

12:25  PM 

RESULTANT  SOUND 

PRESSURE  LEVELS 

Flat: 

90 

105 

107 

105 

104 

dB( A) : 

85 

103 

105 

105 

97 

OCTAVE  BAND  SOUND  LEVELS  (FLAT) 


Octave  Band 
Center  Freq. 


31.5 

77 

92 

82 

86 

90 

63 

76 

86 

86 

91 

95 

125 

78 

91 

97 

92 

100 

250 

77 

95 

98 

92 

96 

500 

76 

96 

96 

94 

92 

1-K 

74 

94 

94 

92 

90 

2-K 

80 

92 

90 

93 

86 

4-K 

R'1 

94 

91 

89 

82 

8—r\ 

/tt 

97 

102 

104 

94 

16-K 

71 

98 

84-92 

92 

78 

NOTES 

1. 

Draw 

number  refers  to 

corresponding  figure 

In  Appendix  , 

2. 

Flat 

designates  C-weightlng 

3. 

dB(  A) 

designates  A-welghtlng 

4. 

A  - 

Location  of  octave 

band 

analysis 

in  Indicated  drawing 

number 


TABLE  III. 5.  OCTAVE  BAND  ANALYSIS  OF  SELECTIVE  SOURCES 


A 

A 

A 

A 

A 

Platform: 

No. 2 

No. 2 

No. 2 

No. 2 

No.  4 

Area : 

Wei  1  Deck 

Air  Intake 

Exhaust 

No 

.2  Deck 

Exhaust 

Dwg.  No.: 

A. 5 

A. 5 

A. 5 

A. 7 

A. 10 

Date: 

4-25-83 

4-25-83 

4-25-83 

4-25-83 

4-26-83 

Time: 

6:25  PM 

6:54  PM 

6:57  PM 

7:20  PM 

4:30  PM 

RESULTANT  SOUND 

PRESSURE  LEVELS 

Flat: 

85 

105 

97 

90 

109 

dB( A) : 

81 

102 

94 

91 

107 

OCTAVE  BAND  SOUND  LEVELS  (FLAT) 

Octave  Band 
Center  Freq. 

31.5 

72 

88 

80 

63 

86 

63 

72 

90 

82 

68 

99 

125 

75 

90 

86 

70 

99 

250 

76 

94 

91 

70 

104 

500 

80 

93 

88 

72 

102 

1-K 

77 

94 

86 

71 

101 

2-K 

72 

88 

87 

71 

100 

4-K 

66 

83 

85 

87 

101 

e-K 

72 

95 

90 

84 

89 

16-K 

64 

89 

82 

75 

72 

NOTE:  Drawing  number 

refers  to  corresponding 

figures  In  Appendix  A. 
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To  determine  the  A-welghted  overall  SPL#  the  octave  band  measurements  must 
be  adjusted  to  their  A-welghted  values  before  Inserting  Into  Equation  (5). 
The  A-welghtlng  values  given  In  NVC  12-82  for  Octave  Bands  31.5  to  8000  Hz 
are: 

Srsmercy  ItizJ _ LLi _ 62 _ 125  250 _ 5Q0  1QQ0  _  .  2000  4000 _ $m. 

A-welghtlng  (<JB)  -39  -26  -16  -8  -3  0  +1  +1  -1 

In  accordance  with  NVC  12-82#  the  SPL  measurements  were  read  to  the  nearest 
decibel.  The  SPL  meter  automatically  calculated  both  the  C-welghted  and  A- 
welghted  overall  levels.  Since  this  process  utilizes  more  precision  than 
the  recorded  octave  band  levels#  It  Is  not  generally  possible  to  calculate 
the  precisely  same  overall  value  from  the  recorded  data.  Additionally#  the 
octave  band  analysis  Is  recorded  over  a  period  of  time  during  which  levels 
may  vary. 

SwRI  personnel  also  documented  the  noise  environment  on  several 
field  boats  and  helicopters.  The  SPL  In  the  cabins  of  field  boats  gener¬ 
ally  varied  from  75  dB(A)  to  83  dB(A).  The  level  outside  the  cabin  often 
was  much  higher#  although  It  varied  considerably.  Official  company  policy 
required  personnel  to  remain  In  the  cabin  during  transit.  However#  workers 
often  remained  on  the  deck.  The  occasional  helicopter  rides  produced  SPL's 
of  87  to  95  dB(A)  In  the  passenger  compartment. 

Measurements  of  sound  pressure  levels  on  the  helipads 
during  helicopter  take-off  and  landing  were  not  possible  due  to  company 
policies  on  personal  safety.  Measurements  made  on  the  stairways  to  the 
pads  were  not  representative  of  actual  take-off  ana  lancing  levels  due  to 
the  proximity  of  other  noise  sources,  reverberation  and  excessive  wind 
noise  across  the  microphones  caused  by  bl ade- 1 nduced  air  turbulence.  These 
sound  levels  were  not#  however,  considered  essential  due  to  their  very 
short  and  Infrequent  nature  and  the  companies'  policy  prohibiting  personnel 
on  the  pads. 

in. 3  Noise,,  to, Sinatra 

Noise  dosimetry  data  collected  offshore  Is  discussed  In  this  sec¬ 
tion.  The  data  was  collected  using  Metrosonlc  dB-301  Dosimeters  programmed 
for  an  80  dB(A)  cutoff  and  a  5  dB  exchange  rate.  During  sampling,  the 
microphones  from  these  units  were  attached  to  the  workers  collar,  as  close 
to  the  ear  as  possible.  The  worker  was  observed  throughout  the  workday# 
and  a  time-motion  record  of  his/her  activities  was  compiled.  The  data 
obtained  during  this  phase  of  the  testing  is  presented  In  three  formats  to 
facilitate  analysis.  The  formats  Include  histograms#  cumulative  effective 
exposures  and  cumulative  dose. 

The  histograms  presented  Illustrate  the  variation  of  exposures  en¬ 
countered  during  a  particular  workday.  In  conjunction  with  time-motion 
studies#  exposures  can  be  correlated  to  specific  work  activities  throughout 
the  day.  The  time-motion  study  was  reviewed  to  determine  the  associated 
job  activity.  This  Information  can  be  obtained  using  the  legend  accompa¬ 
nying  each  histogram. 
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Cumulative  effective  exposures*  Leff*  were  calculated  and  plotted 
as  a  function  of  time.  This  calculation  Is  based  on  a  permissible  8-hour 
exposure  of  90  dB(A),  a  5  dB  exchange  rate*  and  an  80  dB(A)  cuto'f  using 
the  following  relationship. 

L.  /16.61 
A1 

10  At 


where 

L.  =  SPL  measured  during  the  1-th  sample  Interval 
A1 

A t^  =  exposure  duration  during  1-th  Interval 
1  =  time  period  of  Interest 

A  plot  of  the  permissible  exposure  as  a  function  of  time  was  superimposed 
on  the  cumulative  effective  exposure  graphs.  The  permissible  exposure 
function  Is  described  by 


where 


SPL  (1)  =  5  L0G  (e-/T)  +  90 

PER  LOG  2 


T  •  exposure  time  calculated  from 


(7) 


Z 
1  =  1 


A  t. 


A  maximum  SPLpgR  of  115  dB(A)  was  applied  based  on  USCG  NVC  12-82. 

Assuming  no  hearing  protection,  the  permissible  exposure  was  exceeded  If 
the  two  curves  cross.  The  12-hour  and  24-hour  effective  exosures  were 
calculated  and  are  Included  in  each  figure.  The  permissible  Leff(12)  Is 
87  dB(A)»  and  the  permissible  Leff(24>  Is  82  dB(A). 

Finally*  the  data  were  presented  as  a  cumulative  dose  versus  SPL. 

By  definition,  the  permissible  dose  equals  10015  as  Indicated  on  each 
figure.  The  plots  Indicate  the  percentage  of  the  permissible  dose  due  to 
exposures  to  SPL's  less  than  or  equal  to  the  Indicated  SPL. 

Details  regarding  Interpretation  of  the  dosimetry  data  Is  presented 
in  Section  IV. 1. 


Figure  III. 2  Is  a  record  of  the  SPL’s  measured  on  one  of  the  SwRI 
team.  These  data  were  collected  on  the  first  day  offshore  as  the  SwRI  team 
toured  the  field.  Table  III. 6  Identifies  the  activities  corresponding  to 
the  legend  on  the  top  margin  of  Figure  III. 2. 
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TABLE  111,6.  SPL  TIME-HISTORY  ON  SwRI  PERSONNEL 


Interval 


Activity 


A  Inside  crewboat  traveling  to  field 

B  Touring  Platform  i 

C  Touring  Platform  2 

D  Touring  Platform  3 

E  Touring  Platform  4 

F  Touring  Drilling  Rig  (Jack-up) 

G  Fleldboat  to  Platform  2 


Figure  III. 3  depicts  the  cumulative  effective  exposure  based  on  the 
data  from  Figure  III. 2.  This  figure  was  not  adjusted  to  account  for  hear¬ 
ing  protection,  which  was  worn  In  high  noise  areas.  The  figure  Indicates 
that  the  permissible  cumulative  exposure  was  exceeded  at  approximately 
7.5  hours  Into  the  survey  assuming  that  no  hearing  protection  was  used 
to  attenuate  sound  pressure  levels. 

Figure  III. 4  shows  the  cumulative  dose  using  the  same  time-history 
data.  This  plot  also  reveals  that  the  permissible  level  was  exceeded  as¬ 
suming  no  hearing  protection.  The  peak  Indicates  that  this  Individual  was 
exposed  to  approximately  146%  of  the  allowable  dose. 

Figures  III. 2,  III. 3,  and  III. 4  serve  as  examples  of  the  dosimetry 
data  collected  offshore.  A  total  of  16  dosimetry  records  were  obtained 
during  the  offshore  observations.  Table  III. 7  Is  a  summary  of  the  dosi¬ 
metry  data  collected.  In  all  cases  except  ND  10  and  ND  11,  the  sample 
duration  was  between  10.7  and  12  hours,  and  the  range  of  dosages  varied 
from  69%  to  1450%  of  the  permissible  dose.  In  eleven  cases  the  received 
dose  was  greater  than  or  equal  to  the  permissible  limit.  The  data  col¬ 
lected  on  these  16  dosimetry  observations  Is  presented  In  Appendix  B. 

III. 4.  Dosimetry  for  A1 rborne.  Contaml nants 

Table  III. 3  In  Section  III.l  lists  the  airborne  dust  and  particu¬ 
late  samples  collected  during  the  offshore  observation.  In  addition  to 
these  samples  collected  on  cassette  filters,  six  bulk  or  rafter  samples 
were  gathered.  These  samples  were  analyzed  qualitatively  by  X-ray  floures- 
ence  (XRF)  for  elemental  composition.  The  results  of  the  XRF  scans  are 
presented  In  Table  III. 8. 

The  elemental  XRF  analyses  for  bulk  sample  S-4  Indicated  a  large 
fraction  of  Fe  (rust)  and  only  small  or  trace  amounts  of  other  metals. 
Therefore,  the  following  personal  monitoring  samples  for  rust  and  paint 
chipping  that  correspond  to  rafter  sample  S-4  were  analyzed  gravimetrical ly 
for  total  nuisance  particulate.  The  results  of  these  analyses  for  Samples 
M29  through  M36  are  shown  at  the  top  of  Page  45. 


CUMMULATI 


TABLE  III. 7.  DOSIMETRY  DATA  COLLECTED  OFFSHORE 


Time  When 


Dosimetry 
ID  Number 

Job  or 
Title 

Sampl e 
Duration. 

Exceeded 

Allowable 

Hearl ng 
Protection 

Max 

Dose 

Leff(12) 
dB(  A) 

Leff(24) 
dB.(  A). 

ND  1 

SwRI 

10.7  hrs 

7.5  Hrs 

Y 

146)5 

89.85 

84.85 

ND  2 

USCG 

10.7  hrs 

7.5  hrs 

Y 

134* 

89.40 

84.40 

ND  3 

Cay 

Pumper 

12  hrs 

8.3  hrs 

Y 

121* 

88.84 

83.84 

ND  4 

Day  Rou¬ 
stabout 

12  hrs 

8.3  hrs 

Y 

110* 

88.18 

83.18 

ND  5 

Welder 

10.7  hrs 

10.5  hrs 

N 

103* 

87.35 

82.35 

ND  6 

Drll ler 

11.8  hrs 

8.3  hrs 

N 

176% 

91.36 

86.36 

ND  7 

Derrick 

Man 

12  hrs 

« 

N 

78% 

85.85 

80.85 

ND  8 

Driller 

12  hrs 

8  hrs 

N 

167% 

90.78 

85.78 

ND  9 

Derrick 

Man 

11.8  hrs 

3.7  hrs 

N 

318% 

95.42 

90.42 

ND  10 

Roust¬ 

about 

5.5  hrs 

* 

N 

86% 

85.97 

80.97 

ND  11 

Roust¬ 

about 

1.5  hrs 

# 

N 

19% 

75.20 

70.20 

ND  12 

Electri¬ 

cian 

11  hrs 

* 

Y 

58% 

84.05 

79.05 

ND  13 

Roust¬ 

about 

11.5  hrs 

.8  hrs 

Y 

1450% 

106.31 

101.31 

ND  14 

Roust¬ 

about 

11.4  hrs 

1.5  hrs 

Y 

820% 

102.21 

97.21 

ND  15 

Wei der *s 
Assistant 

12  hrs 

12  hrs 

N 

100% 

87.28 

82.28 

ND  16 

Welder 

12  hrs 

# 

N 

69% 

85.10 

80.10 

^Allowable  level  was  not  exceeded  during  the  sample. 
Y  =  Hearing  protection  worn  In  designated  areas. 

N  =  Ho  hearing  protection  was  worn  during  the  day. 


TABLE  III. 8.  RELATIVE  ELEMENTAL  COMPOSITION  OF  BULK  SAMPLES 


(Parts  Per  10  Parts  Total  Detected  Elements) 
Method:  X-Ray  Fluorescence 


MII<  Sample  Identif^t^ 


Element. 


S=A 


5=5 


A1 

SI 

S 

Cl 

K 

Ca 
T 1 
Cr 
Mn 
Fe 
Zn 
Pb 
Ta 
Sr 


0.5 

0.2 

9 


0.2 

5 

0.1 

t 


t* 

t 

0.5 


0.1 

O.i 


0.4 

0.1 


t 

o.s 


0.1 


0.1 

4 


t 

8 

0.5 


8 

t 

t 

1 

## 

0.5 


t 

t 


*  t  =  trace 

**  Mn  =  not  detectable  due  to  strength  of  Cr  line 


S-2  =  Mud  Chemical 
S-3  =  Mud  Chemical 

=  2U*t  *nd  Pa1nt  Ch1PP*"9  Debris  (fine) 
5-5  =  Mud  Chemical 

S-6  =  Mud  Chemical 

S-7  =  Rust  and  Paint  Chipping  Debris  (rough) 


4.5 


0.5 


4.5 

«« 

0.5 


$=1 


1 

0.5 

0.5 

t 

1 

1.5 


t 

3 

1.5 

1 


K 


Sample  Number 

Q(Lpm) 

t(mln) 

Wf(ug) 

C(mg/m  ) 

M79 

1.662 

100 

300 

1.80 

M32 

1.662 

100 

490 

2.95 

M28 

1.662 

99  1 

678 

4.12 

M30 

1.686 

100 

515 

3.05 

M3 1 

1.686 

100 

520 

3.08 

M3  6 

1.686 

39 

199 

3. 02 

3 

These  measured  concentrations  are  less  than  the  TLV-TWA  of  10  mg/m 
for  total  nuisance  particulate.  The  measured  contaminant  weights  reflect 
filter  conditioning  to  prescribed  temperature  and  relative  humidity  prior 
to  and  following  sample  collection. 

Bulk  samples  S-7  corresponds  to  rust  and  paint  chipping  personal 
sample  numbers  M27»  M34#  M3S>  M37 ,  M38  and  M40.  The  Indication  of  lead  In 
the  bulk  sample,  possibly  from  a  paint  primer,  eliminated  a  gravimetric 
analysis  for  these  occupational  exposure  samples.  These  samples  were 
quantitatively  analyzed  by  atomic  absorption  for  Pb,  Zn,  Fe  and  Cr.  Lead 
Is  of  primary  concern.  The  latter  three  elements  were  Included  to  verify 
the  XRF  scans.  The  absence  of  Cr  In  both  paint  chipping  bulk  samples 
suggests  that  non-chromated  paints  were  used.  The  analysis  results  for 
these  six  samples  are  summarized  below.  In  all  cases,  the  filter  blank 
did  not  contain  any  of  the  four  metals  above  the  detection  limit. 


Weight 

of  Analvte 

(Pg). 

Sample  Ma,. 

V(L) 

Es_ 

in- 

£k_ 

£r_ 

M-27 

169.2 

180 

14 

<4.5 

<6 

M-34 

171.0 

60 

30 

<4.5 

<6 

M-35 

i76.0 

8 

13 

<4.5 

<6 

M-37 

116.3 

17 

3.8 

<4.5 

<6 

M-38 

169.2 

98 

10 

<4.5 

<6 

M-40 

171.0 

10 

39 

<4.5 

<6 

Airborne  Concentration  (mg/m3) 


Sample  No. 

Fe?°3. 

ZnO 

Pb 

Cr 

M-27 

1.5 

0.10 

<0.026 

<0.035 

M-34 

0.5 

0.22 

<0.026 

<0.03: 

M-35 

0.03 

0.92 

<0.026 

<0.034 

M-37 

0.02 

0.41 

<0.039 

<0.052 

M-38 

0.83 

0.07 

<0.026 

<0.035 

M-40 

0.08 

0.28 

<0.026 

<0.035 
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The  concentration  of  Iron  oxide  was  calculated  by  multiplying  the  Iron 
concentration  by  the  ratio  of  the  molecular  weight  of  the  oxide  to  the 
molecular  weight  of  bivalent  Iron.  An  analogous  calculation  was  used  to 
obtain  the  concentration  of  zinc  oxide.  In  the  case  of  lead  and  total 
chrome,  concentrations  were  calculated  at  the  detection  limit. 


Sample  numbers  M10I  through  M103  and  M126  through  M129  were  col¬ 
lected  during  welding  and  grinding.  All  filters  were  scanned  using  XRF, 
and  Fe,  Mn  and  Zn  were  Identified.  The  American  Welding  Society  publicati¬ 
on,  Fumes  and  Gases  In  the  Welding  Environment  (publication  number 
FWG,  1979),  Indicates  that  Fe  and  Mn  are  the  dominant  fume  components  for 
the  E7018  and  E6010  welding  electrodes  that  were  used  on  the  platform.  All 
three  elements  were  quantified  by  XRF  (NIOSH  P&CAM  345)  without  removing 
the  filters  from  the  cassettes.  The  elemental  concentrations  of  Fe  and  Zn 
were  converted  to  Fe203and  ZnO  equivalents  for  later  comparison  with  the 
appropriate  TLV.  The  concentration  of  elemental  Mn  fume  was  also  calcu¬ 
lated.  Fume  concentrations  under  the  welder's  helmet  are  summarized  below. 


iple  Number 

Mn 

Fe2°3 

ZnO 

M101 

0.046 

0.643 

<0.025 

Ml  02 

0.028 

0.249 

0.170 

Ml  03 

<0.015 

0.070 

<0.018 

M126 

<0.019 

0.x  20 

<0.024 

Ml  27 

<0.024 

0.093 

<0.030 

M128 

0.018 

0.035 

0.030 

M129 

<0.023 

0.142 

0.124 

The  XRF  detection  limit  is  3ug  for  each  element.  For  elements  not 
detected,  concentrations  were  calculated  at  the  detection  limit. 

The  last  series  or  personal  samples  were  collected  during  addition 
of  dry  chemicals  tc  the  drilling  fluid.  Sample  numbers  PI  through  P4  were 
set  up  to  collect  respirable  dust  samples  on  PVC  filters,  l.e.  the  method 
for  nuisance  dusts.  The  results  of  gravimetric  analysis  of  these  samples 
Is  summarized  below;  concentrations  are  reported  as  respirable  nuisance 
dust.  All  of  these  values  are  K-*,s  than  the  TLV-TWA  value  of  5  mg/m3 
for  respirable  nuisance  part1cuU"e  even  without  calculating  an  8-hour  time 
weighted  average  concentration. 


Number 

Q(Lpm) 

t(mln) 

Wc(ug) 

3 

C(mg/m  ) 

PI 

1.381 

119 

71 

0.43 

P2 

1.381 

113 

39 

0.25 

P3 

1.381 

40 

27 

0.49 

P4 

1.381 

94 

76 

0.56 

All  gravimetric  analyses  Include  filter  desslcatlon  before  tare  weighing 
and  final  weighing. 


Material  Safety  Data  Sheets  were  obtained  from  the  manufacturer  of 
the  dry  chemicals  corresponding  to  bulk  samples  S-2»  S-3,  $-5  and  S-6. 
Decisions  regarding  the  type  of  analysis  for  samples  Ml  through  M4  and  M107 
through  M110  were  guided  In  part  by  those  MSDS  sheets.  Sample  numbers  Ml, 
M2,  M3,  and  M4  represent  personal  total  dust  exposure  during  addition  of 
dry,  bagged  chemicals  to  the  drilling  fluid.  The  samples  were  collected  on 
0.8  mixed  esters  of  cellulose  (MEC)  filters.  X-ray  fluorescence  scans  of 
the  bulk  materials  Indicated  the  presence  of  chrome  In  two  of  the  four  dry 
chemicals  that  were  handled,  but  the  valency  of  the  chrome  Is  not  Indicated 
by  X-ray.  The  filter  media  was  appropriate  for  sampling  and  analysis  of 
certain  chrome  compounds  (NIOSH  PACAM  S323  and  S352)  but  not  for  chrome  VI 
which  uses  a  PVC  filter  (NIOSH  PACAM  319).  The  Material  Safety  Data  Sheets 
for  one  of  the  two  chrome-bearing  chemicals  Indicated  the  presence  ot  water 
soluble  chrome  VI  (sodium  dichromate).  Given  the  potential  for  chrome  VI 
on  the  MEC  filters,  the  following  analysis  procedure  was  devised  In 
consultation  with  an  AIHA  accredited  laboratory. 


Water  extract  filters  to  remove  soluble  dl chromates 
(chrome  VI)  ana  soluble  chrome  II  and  III. 


Conduct  two  analyses  on  the  water  extract, 
o  AAS  for  total  soluble  chrome. 


o  Colorimetric  analysis  for  soluble  chrome 
VI  per  PACAM  319. 


Calculate  by  difference  the  amount  of  soluble 
chrome  II  and  III. 


Analyze  by  AAS  the  Insoluble  fraction  (residue 
of  extract)  for  total  Insoluble  chrome  II  and 
III  per  PACAM  S323 . 


This  procedure  was  selected 

to  maximize  the 

1 nformatlon 

from  the  samples; 

the  limitations  of  the  procedure  are  recognized.  The  results  of 

the 

analysis  are 

summarized  below. 

Insol uble 

Total  Soluble 

Total  Soluble 

Chrome, 

Sample 

Sampl e 

SamDle  No. 

Cr  VI.  IP  a) 

Chrome,  (yg) 

II,III,  (ug) 

Vol  (L) 

Time  (min) 

MI 

<0.5 

<8.0 

<3.0 

180 

123 

M2 

<0.5 

<8.0 

<3.0 

164 

112 

M3 

<0.5 

<8.0 

<3.0 

60 

41 

M4 

<0.5 

<8.0 

<3.0 

138 

94 
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A  blank  filter  was  submitted  for  analysis  and  produced  the  same  results. 
Chrome  In  any  form  was  not  detected  auove  the  Indicated  detection  limits. 
Soluble  chrome  II  and  III  Is  at  most  of  the  order  of  7.5yg.  Concentra¬ 
tions  were  calculated  at  the  detection  limit  and  are  summarized  below. 


Sample  No. 

Total  Soluble 
Chrome  VI 
(mg/m3) 

Total  Soluble 
Chrome  (II. Ill, VI) 
(mg/nr) 

Insol ubl 
Chrome  II, 
(ma/rrr ) 

Ml 

<0.003 

<0.044 

<0.017 

M2 

<0.003 

<0.049 

<0.018 

M3 

<0.008 

<0.133 

<0.05 

M4 

<0.004 

<0.058 

<0.022 

These  results  Indicate  that  a!}  exposures  were  less  than  0.05  mg/m3  for 
soluble  chrome  VI  and  0.5  mg/irr3  for  soluble  or  Insoluble  chrome  II  and  III. 


Table  III. 3  indicates  that  four  area  samples  (M107  through  M 1 1 0 ) 
were  collected  during  addition  of  dry.  bagged  chemicals  to  the  drilling 
fluid.  Analysis  of  these  four  samples  was  not  justified  because 

o  physical  constraints  and  air  current  patterns  around  the  mud 
makeup  hopper  were  not  conducive  to  collecting  a  representa¬ 
tive  airborne  sample,  and 

o  the  results  of  the  personal  exposure  samples  were  extremely 
low. 
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IV.  INTERPRETATION  OF  RESULTS 
IV. 1.  Sound  Pressure  Levels  and  Dosimetry 
IV. 1. 1  Measured  Sound  Levels 

In  this  section,  the  results  of  the  SPL  surveys  have  been  Inter¬ 
preted  relative  to  NVC  12-82  guidelines.  NVC  12-82  makes  recommendations 
regarding  both  cumulative  exposures  and  peak  exposures.  The  document  rec¬ 
ommends  that  current  "vessels  should  ensure  an  Leff(24)  less  than  or  equal 
to  82  dB(A).  It  further  recommends  that  non-impulse  noise  levels  over  115 
dB C A )  and  Impulse  noise  levels  over  140  dB(A)  be  avoided.  The  circular 
further  recommends  that  exposures  between  105  dB(A)  and  115  dB( A )  be  com¬ 
prised  of  Intermittent  exposures  "such  that  each  exposure  duration  Is  one- 
seventh  of  the  total  allowable  exposure  at  that  noise  level"  [NVC  12-821. 
Finally,  It  Is  recommended  that  personnel  wear  hearing  protective  devices 
in  area  with  levels  over  85  dB< A ) . 

The  Coast  Guard  and  the  International  Maritime  Organization  (IMO) 
recognize  the  problems  associated  with  reducing  noise  levels  on  relatively 
small  vessels  and  facilities.  For  this  reason,  a  noise  standard  published 
by  IMO  In  November  1981  Is  applicable  only  to  vessels  over  1600  tons. 

Since  NVC  12-82  represents  the  USCG's  Implementation  of  the  IMO  code.  It, 
too,  Is  aimed  at  ocean-going  vessels  over  1600  tons.  The  tight  conditions 
on  smaller  vessels  lead  to  a  great  deal  of  structure-borne  noise  which  may 
be  excessively  costly  to  adequately  attenuate  using  engineering  controls. 
Therefore,  the  circular  suggests  that  both  engineering  and  administrative 
controls  be  Implemented  to  ensure  that  the  exposure  criteria  are  met. 

A  review  of  the  SPL  contours  developed  during  the  field  study  In¬ 
dicates  that  a  majority  of  the  noise  levels  generally  ranged  from  the  70's 
to  approximately  100  dB(A),  although  levels  were  detected  as  high  as  117 
dBCA)  and  as  low  as  41  dB ( A > .  The  results  of  the  survey  can  be  readily 
compared  to  NVC  12-82  by  considering  two  ranges  of  SPL’s.  Levels  below  85 
dB ( A )  do  not  require  action  according  to  NVC  12-82.  NVC  12-82  considers  85 
dBV(A)  an  action  level.  Warning  notices  are  recommended  in  areas  exceeding 
85  dB(A) .  Further,  It  recommends  that 

"Unless  the  Leff(24)  computed  or  measured  for  a  crewmember 
accounts  for  and  allows  such  an  exposure,  crewmembers 
should  be  required  to  wear  hearing  protective  devices 
whenever  entering  spaces  with  noise  levels  greater  than 
85  dB ( A ) . ”  [NVC  12-823 

The  distribution  of  SPL's  as  shewn  on  the  contour  plots  in  Appendix 
A  Indicates  that  entire  portions  of  each  offshore  facility  can  be  Identi¬ 
fied  as  normally  falling  above  or  below  the  85  dB(A)  action  level.  If 
company  policies  require  hearing  protection  In  all  areas  where  the  SPL  ex¬ 
ceeds  85  dB(A),  the  costs  associated  with  computing  or  measuring  a  specific 
employee’s  exposure  will  be  minimized.  Alternatively,  companies  could 
consider  requiring  ear  protection  everywhere  outside  of  the  crew  quarters. 
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An  exception  occurs  If  the  worker  engages  In  an  activity  which  produces  a 
high  SPL.  Chipping  paint  with  a  needle  gun  Is  a  prime  example  of  this 
situation.  The  work  may  be  performed 

In  an  area  with  a  normal  SPL  contour  of  70  or  80  dB(A),  well  pelow  the 
action  level.  However*  the  activity  may  produce  SPLs  at  the  worker's  ear 
level  in  excess  of  110  dB(A). 


IV. 1.2  Noise  Dosimetry 

SwRI  has  interpreted  the  results  of  the  noise  dosimetry  records 
based  on  the  recommendations  outlined  in  USCG  NVC  12-82  L 7 j .  This  Is  a 
general  Interpretation  of  the  recorded  levels.  No  attempt  was  made  to  de¬ 
termine  the  actual  exposure  received  by  an  individual.  The  decision  to 
avoid  assessing  a  specific  exposure  was  based  on  several  Items.  First*  In 
most  cases.  It  was  Impossible  to  determine  the  NRR  (Noise  Reduction  Rating) 
of  protective  plugs  or  muffs.  Generally*  no  model  number  or  NRR  could  be 
located  on  the  devices.  In  addition,  the  adequacy  of  the  fit  was  not 
known.  Therefore,  SwRI  has  made  no  attempt  to  determine  compliance  levels. 
The  records  in  Appendix  B  Indicate  the  exposures  received  If  no  hearing 
protection  Is  used. 


Figure  IV. 1  shows  the  cumulative  effective  exposure  during  the 
course  of  sampling  on  a  roustabout.  During  the  sample  period*  the  worker 
was  primarily  Involved  In  chipping  paint  with  an  air-driven  needle  gun. 
The  Leff(24)  for  an  unprotected  worker  was  calculated  to  be  101.31  dB(A), 
presenting  1450%  of  the  permissible  exposure.  The  level  of  exceedance  Is 
based  on  a  calculation  of  the  permissible  dose  using  an  extension  of  the 
procedures  given  In  NVC  12-82. 


The  permissible  dose  was  defined  as  the  length  of  time  that  an  In¬ 
dividual  may  be  exposed  to  a  particular  SPL.  For  example*  an  exposure  of 
90  db(A)  for  480  minutes  Is  100%  of  the  permissible.  Likewise,  an  exposure 
of  90  db(A)  for  240  minutes  Is  50%  of  the  allowable  level.  For  non-impulse 
noise.  NVC  12-82  Indicates  the  range  of  SPL's  which  should  be  considered  Is 
80  dB(A)  to  115  dB(A).  For  each  level  In  this  range,  SwRI  calculated  the 
length  of  time  required  to  reach  100%  of  the  permissible  exposure.  The 
actual  length  of  time  that  the  Individual  was  exposed  to  a  particular  SPL 
was  determined  from  the  noise  dosimetry  record.  The  ratio  of  the  actual 
time  to  permissible  time  represents  the  dose  at  a  given  SPL.  Finally,  the 
cumulative  dose  may  be  calculated  by  summing  over  the  range  80  to  115 
dB(A).  The  function  Is  shown  as 


%  Cumulative  Dose  = 


115 


E 

SPL =80 


XA(SPL) 

tplSPL) 


x  100 


(8) 


where 


tA(3PL) 


=  time  the  worker  was  exposed  to  a  specified  SPL 


■tp(SPL)  =  time  to  reach  maximum  permissible  level  when  exposed 
to  a  given  SPL.  This  assumes  no  other  levels  are 
present.. 


ACTUAL  CUMULATIVE 
EFFECTIVE  EXPOSURE 


.7 


Leff(12)  “  106-31  dB(A)  \ 
L  ..(24)  -  101.31  dB(A)  I 

*"  j 


•PERMISSIBLE  PER  USCG  NVC 
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FIGURE  IV. I.  CUMULATIVE  EFFECTIVE  EXPOSURE  OK  ROUSTABOUT 
(Identification  Number  NDI3) 
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The  result  of  this  procedure  may  be  plotted  as  shown  In  Figure 
IV. 2(a).  This  type  of  plot  appears  to  be  particularly  useful  In  assessing 
the  severity  of  an  overexposure  and  In  estimating  the  effects  of  Implemen¬ 
ting  a  program  to  reduce  exposures.  For  example.  It  Is  relatively  simple 
to  estimate  the  reduction  In  the  overall  dose  due  to  applying  an  attenua¬ 
tion  to  all  exposures  greater  than  some  action  level.  Figure  IV. 2(b)  and 
(c)  show  two  examples  of  attenuating  levels  greater  than  or  equal  to  6S 
dB(A).  Note  that  65  dB(A)  was  chosen  as  the  action  level  based  on  NVC  12- 
82.  Figure  IV. 2(b)  shows  the  result  of  applying  10  dB(A)  attenuation. 
Figure  IV. 2(c)  Is  the  result  of  applying  20  d8(A).  For  10  dB(A)  attenua¬ 
tion,  the  original  90  d8(A)  exposure  durations  were  added  to  the  80  dB(A) 
exposures.  The  contribution  to  the  overall  dose  was  calculated  by  dividing 
the  new  sum  by  the  permissible  duration  at  80  dB(A).  The  same  procedure 
was  followed  for  all  levels  >90  dB(A).  Note  that  85  through  89  dB(A)  can 
be  Ignored  because  10  dB(A)  attenuation  reduces  them  below  the  80  dB(A) 
cutoff  recommended  by  NVC  12-82.  The  same  type  of  process  was  used  to 
apply  20  dB  attenuation  In  Figure  IV. 2. (c).  This  analysis  indicates  that 
at  least  20  dB  attenuation  was  required  to  reduce  the  worker's  exposure  to 
a  level  below  the  permissible  exposure. 

SwRI  personnel  did  not  attempt  to  evaluate  the  noise  reduction 
provided  by  the  various  hearing  protective  devices  used  by  offshore  person¬ 
nel.  In  this  study.  It  was  our  Intention  to  evaluate  the  noise  environ¬ 
ment,  not  the  personal  devices  used  to  attenuate  the  SPL.  Therefore,  we 
only  noted  that  personnel  did  or  did  not  use  some  form  of  protection. 
Devices  observed  in  use  Included  cotton  balls,  fitted  plugs,  foam  plugs, 
and  earmuffs. 

The  Occupational  Safety  and  Health  Administration  (CSHA)  issued  an 
amendment  to  Its  noise  standard  (29CFR1910.95)  [8]  or.  March  8,  1983.  This 
new  amendment  emphasizes  the  use  of  noise  dosimetry  to  determine  worker 
exposure.  The  National  Institute  of  Occupational  Safety  and  Health  (NIOSH) 
has  established  practices  for  determining  compliance  [8j.  The  procedure  is 
based  on  the  calculation  of  an  overall  dose.  The  maximum  dose  shown  ir. 
Figure  IV. 2 (a )  ( b )  (c )  and  similar  figures  In  Appendix  B  represents  this 
overall  dose.  Noise  exposures  are  then  classified  by  dose  as  shown  In  Table 
IV. 1  [8].  The  second  column  on  Table  IV. 1  indicates  the  number  of  SwRI 
dosimetry  samples  which  reuslted  In  a  dose  within  the  Indicated  range. 

Based  on  these  data,  It  appears  that  a  hearing  conservation  program  Is  re¬ 
quired  for  offshore  workers. 

IV. 1.3  Comparison  of  SPL  and  Dosimetry 

As  previously  described,  SwRI  utilized  precision  sound  pressure 
level  (SPL)  meters  and  personal  dosimeters  to  measure  potential  noise 
exposures.  In  several  cases,  both  techniques  were  used  concurrently.  In 
other  cases,  It  was  possible  to  identify  locations  that  were  sampled  using 
both  types  of  Instruments  at  different  points  In  time.  Documentation 
accompanying  the  dosimetry  records  was  reviewed  and  several  cases  which  may 
be  compared  to  the  SPL  survey  data  were  Identified. 
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FIGURE  IV. 2(b).  CUMULATIVE  DOSE  RECORDED  ON  ROUSTABOUT 
(Identification  Number  ND13;  10  dB(A> 
attenuation  applied  to  levels  >85  dBC A) ) 
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FIGURE  IV. 2(c).  CUMULATIVE  DOSE  RECORDED  ON  ROUSTABOUT 
(Identification  Number  ND13;  20  d6(A) 
attenuation  applied  to  levels  >.85  dB(A)) 
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TABLE  IV. 1.  CLASSIFICATION  OF  NOISE  EXPOSURES 


Dosimeter 
Readi ng+ 
<%) 

Number  of 
SwRI  Samples 

In  Indicated 
Ranoe 

OSHA  Compliance 

Cl asslf 1cat1on+ 

Potential  Regulatory 
Action*  . 

0-38% 

1* 

Compliance  documented 

No  action  taken  unless 
other  portions  of  noise 
standard  are  exceeded. 

38-64% 

1 

Possible  exposure 
above  action  ’eve! 
<5C%) . 

Further  sampling  recom¬ 
mended*  hearing  conser¬ 
vation  program  optional. 

64-75% 

| 

1 

Exposure  above 
action  level 
documented. 

Agency  may  cite  for 
failure  to  implement 
hearing  conservation 
program. 

75-131% 

6 

Possible  exposure 
above  90  dB(A) 
standard  (100%). 

Further  sampl Ing  recom¬ 
mended*  engineering  con¬ 
trols  optional*  hearing 
conservation  program 
required. 

132%  or 
above 

i _ 

7 

Noncompl  lance 
documented. 

Program  required. 

Citation  probable,  engi¬ 
neering  controls  re¬ 
quired  If  feasible, 
hearing  conservation. 

"Sample  deration  was  1.5  hours 
+Extracted  from  Reference  [83 

Note:  Dosimeter  reading  equals  percent  permissible  dose.  This  Is 

Indicated  as  "Cumulative  Dose"  on  Figures  IV. 2(a)*  (b)>  (c)>  and 
similar  figures  In  Appendix  A. 
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The  criteria  that  were  used  In  selecting  Items  for  comparison  In¬ 
cluded  location,  duration,  and  activity.  The  location  Is  Important  be¬ 
cause  It  determines  what  value  on  the  SPL  survey  should  be  used  In  the  com¬ 
parison.  The  resolution  required  In  defining  this  location  Is  dependent  on 
the  spatial  variation  of  SPL  In  the  area.  For  example.  If  a  worker  Is 
standing  near  a  noise  source  (l.e.  generator,  crane,  etc.),  the  SPL  will 
decay  rapidly  with  distance.  Therefore,  It  Is  Important  to  know  If  he  was 
two  feet  from  the  source  or  five  feet  from  the  source.  Alternatively,  an 
entire  deck  may  have  a  nearly  constant  SPL.  In  this  case,  it  Is  only 
necessary  to  know  the  worker  was  on  the  deck. 

Duration  Is  Important  due  to  the  sampling  procedure  used  In  the 
noise  dosimeters.  These  units  record  480  Intervals.  The  duration  of  these 
Intervals  Is  programmable.  During  this  observation,  all  units  sampled  for 
two  minutes  before  storing  a  value.  The  SPL  meters  provide  essentially  a 
real-time  representation  of  the  SPL  field.  Truly  valid  comparisons  between 
the  two  Instruments  can  only  be  made  If  the  source  remained  constant  during 
an  entire  2-mlnute  sampling  Interval.  This  requirement  implies  both  a  con¬ 
stant  worker  location  and  a  constant  activity  during  the  sample. 

Activity  Is  used  to  denote  a  job  function  or  operating  condition. 
Job  functions  might  Include  welding,  palrrt-chlpplng,  or  any  other  work. 
Operating  conditions  Include  tripping  a  string,  crane  operation,  or  any 
other  condition  which  might  affect  the  SPL  environment.  It  is  Impossible 
to  compare  the  dosimetry  levels  recorded  on  an  Individual  using  a  needle 
gun  In  a  specific  location  of  the  platform  to  the  SPL’s  recorded  at  that 
location  when  no  paint-chipping  was  Delng  conducted. 

Several  of  the  cases  that  were  Identified  for  comparison  have  been 
included  In  this  section.  Table  IV. 2  provides  a  cross  reference  between 
figures  depicting  SPL  survey  and  dosimeter  results.  It  also  provides  a 
brief  description  of  the  worker's  activity.  Several  entries  are  described 
in  greater  detail  in  the  remainder  of  this  section. 

Item  No.  1  Is  a  very  Important  comparison.  In  this  particular 
case,  the  SPL  survey  was  conducted  while  a  driller  was  wearing  a  noise 
dosimeter.  In  the  documentation  for  this  dosimetry  sample,  the  SPL  levels 
detected  over  a  period  of  approximately  15  minutes  were  also  recorded.  As 
shown  in  Table  IV. 2  the  levels  recorded  by  both  methods  were  very  close. 
Unfortunately,  the  range  of  levels  makes  It  very  difficult  to  estimate  po¬ 
tential  exposures  based  on  the  15-minute  sampling.  This  Is  characteristic 
of  locations  where  changing  activities  produce  a  wide  range  of  SPL's.  The 
SPL  recorded  near  the  driller  varied  almost  constantly  during  the  15 
minutes  that  the  SPL's  could  be  correlated  to  documented  activities. 
Application  of  the  brakes  resulted  In  short  duration  excursions  as  high  as 
107  ciB(A)  at  the  driller's  ear.  A  level  of  84  dB(A)  was  produced  when 
either  the  drawworks  motor  or  the  rotary  table  were  In  operation. 
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This  observation  Indicates  that*  when  SPL  meters  are  used,  an  ac¬ 
curate  assessment  of  potential  exposures  to  levels  exceeding  NVC  12-82  re¬ 
quires  measurements  for  every  operating  condition  and  an  estimate  of  the 
duration  of  each  condition  during  an  Individual's  shift.  For  repetitive 
activities  such  as  tripping  a  string.  It  may  be  possible  to  describe  a  duty 
cycle  at  a  specific  location.  This  requires  that  SPL  measurements  be  cor¬ 
related  to  activities  and  operating  conditions  over  a  period  of  the  cycle. 
The  potential  exposure  can  then  be  estimated  based  on  the  number  of  cycles 
which  occur  during  the  worker’s  shift.  Figure  IV. 3  Illustrates  the  time- 
varying  nature  of  the  SPL  at  the  driller’s  position.  The  record  does  ap¬ 
pear  tc  be  somewhat  cyclic.  However,  it  Is  not  obvious  what  period  would 
be  appropriate  for  measurement.  Figure  IV. 4  shows  the  area  of  the  platform 
where  comparative  samples  were  gathered.  The  SPL  survey  documentation  In¬ 
dicates  that  the  noise  level  varied  from  87  to  100  dB(A)  near  the  driller 
depending  on  the  activity.  However,  the  existence  and  details  of  any 
cyclic  pattern  were  not  determined.  In  this  type  of  situation.  It  appears 
that  dosimetry  Is  the  most  accurate,  cost  effective  means  of  Interpreting 
exposures  relative  to  NVC  12-82. 

Item  No.  2  is  a  good  example  of  a  relatively  constant  dosimetry 
measurement  that  disagrees  with  the  SPL  survey  due  to  different  equipment 
operating  conditions.  Figure  IV. 5  shows  the  noise  dosimetry  records.  The 
roustabout  was  In  the  area  Indicated  on  Figure  IV. 6  during  Intervals  A»B,C 
and  E.  In  this  case,  the  SPL  survey  was  conducted  during  a  shift  when  much 
of  the  equipment  In  the  area  was  not  operating.  During  the  dosimetry 
observation,  mud  pumps  and  other  pieces  of  equipment  were  operating.  The 
consistency  of  the  levels  recorded  by  the  dosimeter  Indicates  that  simply 
surveying  the  area  during  similar  operating  conditions  would  probably  have 
been  sufficient  to  estimate  potential  exposures.  However,  It  also  shows 
that  It  Is  not  acceptable  to  assume  that  SPL's  measured  at  one  time  are 
valid  during  all  operations. 

The  remaining  Items  In  Table  IV. 2  refer  to  SPL  survey  figures  in 
Appendix  A  and  noise  dosimetry  figures  in  Appendix  B.  For  the  SPL  con¬ 
tours,  the  area  of  Interest  Is  Identified  by  the  symbol  or  label  indicated 
In  Table  IV. 2.  The  span  of  time  during  which  the  noise  dosimetry  was  con¬ 
ducted  In  the  same  area  Is  designated  by  the  intervals  at  the  top  of  each 
dosimetry  plot.  In  Table  IV. 2,  the  range  of  sound  levels  Indicated  for  SPL 
and  noise  dosimetry  are  estimates  based  on  documentation.  As  discussed 
previously,  spatial  and  temporal  resolution  affect  the  accuracy  of  these 
comparisons.  Items  9,  10,  and  13  show  discrepancies  between  the  SPL  survey 
and  the  dosimetry  records  although  the  facility  was  believed  to  be  opera¬ 
ting  under  the  same  conditions.  The  differences  are  Pslleved  to  be  due  to 
conversations,  televisions,  radios,  and  other  miscellaneous  sources.  The 
contribution  of  these  sources  were  not  documented.  However,  the  dosimetry 
samples  generally  occurred  during  lunch,  coffee  break,  and  at  shift  changes 
when  a  relatively  large  number  of  people  were  present.  The  SPL  surveys 
were  conducted  at  times  when  a  small  number  of  people  were  present.  This 
ensured  that  measurements  were  representative  of  the  SPL's  due  to  platform 
operations. 
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IV. 2  Airborne  Contaminants 


Sample  Nos.  M29,  M32,  M28,  M30#  M31  and  M36  were  collected  sequent 
tlally  on  one  worker  who  was  performing  rust  and  paint  chipping.  Based  on 
XRF  scans  of  the  chipping  debris.  It  was  concluded  that  the  alrtorne  sub¬ 
stance  could  be  classed  as  a  total  nuisance  particulate.  Accordingly,  the 
samples  were  analyzed  gravlmetrically .  All  Individual  sample  concentra¬ 
tions  were  less  than  half  of  the  ACGIH  total  nuisance  particulate  TLV-TWA 
of  10  mg/m^.  The  time-weighted  average  exposure  during  the  538-minute 
chipping  operation  was  calculated  to  be  3.0  mg/rn^.  The  Individual  sample 
concentrations  represent  integrated  levels  over  the  sampling  durations. 
Significant  excursions  above  these  levels  would  not  be  expected  because  the 
chipping  operation  was  conducted  nearly  continuously  without  Interruption. 
These  measured  dust  levels  for  this  scenario  suggest  that  the  respiratory 
comfort  of  the  paint  chipper  may  have  benefited  from  the  use  of  a  dispos¬ 
able  nuisance  dust  respirator. 

Sample  Nos.  M27.  M38,  M34,  M35.  M40  and  M37  were  collected  on  a 
second  Individual  who  was  also  performing  rust  and  paint  chipping  opera¬ 
tions  but  In  another  area  of  the  platform.  The  possible  presence  of  lead 
In  the  chipping  debris  as  determined  by  qualitative  XRF  scans  of  the  debris 
Indicated  that  an  elemental  analysis,  not  a  nuisance  dust  approach,  was  In 
order.  The  analysis  revealed  that  lead  levels  were  below  the  detection 
limit.  At  the  detection  limit,  lead  concentrations  were  well  below  the 
TLV-TWA  of  0.15  mg/m3,  The  absence  of  chrome  In  the  bulk  samples  was  sub¬ 
stantiated  by  quantitative  analysis  of  the  filter  deposits.  Hence,  the 
zinc  was  not  chromated  but  most  probably  was  present  as  an  oxide  for 
pigmentation.  Concentrations  of  Zn0  were  well  below  their  total  nuisance 
dust  limit  of  10  mg/m3.  In  the  final  analysis,  this  set  of  samples  could 
also  have  been  analyzed  gravlmetrically  for  nuisance  dust.  However,  this 
scenario  demonstrates  an  Important  point.  Analysis  of  samples  must  be 
guided  by  a  thorough  knowledge  of  the  history  of  the  materials  that  are 
Involved  In  an  operation.  Lead  and  chromated  paints  may  have  been  used  at 
some  point  In  time  on  this  portion  of  the  platform.  In  the  absence  of  this 
historical  knowledge,  the  conservative  approach  Is  to  make  analysis  proce¬ 
dure  decisions  based  on  a  qualitative  evaluation  of  the  paint  debris. 

The  welding  fume  samples  M101  through  M103  and  M126  through  M129 
were  collected  In  accorvance  with  AWSF1.1-76.  These  samples  reflect  con¬ 
centrations  under  the  hood  when  welding  was  In  progress  and  In  the  breath¬ 
ing  zone  when  the  welding  helmet  was  raised  for  weld  Inspection.  Based  on 
the  electrode  classifications  and  the  base  material  (uncoated  mild  steel), 
x-ray  fluoroscense  analyses  of  the  filters  Indicated  that 

o  manganese  fume  concentrations  were  roughly  one-thirtieth  of  the 
1.0  mg/m3  TLV-TWA,  and 

o  zinc  oxide  and  Iron  oxide  fume  concentrations  were  substantially 
below  the  TLV-TWA  of  5  mgAn3. 
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Two  series  of  samples  were  collected  sequentially  during  addition 
of  dry  chemicals  to  the  mud  makeup  hopper.  One  series  consisted  of  respi¬ 
rable  nuisance  dust  samples  (PI  through  P4).  Each  sampled  concentration 
was  nominally  one  order  of  magnitude  below  the  respirable  nuisance  dust 
TLV-TWA  of  S  mg/m3.  The  TWA  exposure  relative  to  an  8-hour  day  was  0.32 
mg/m3.  The  second  series  of  samples#  Ml  through  M4,  was  analyzed  quanti¬ 
tatively  for  chrome  because  the  presence  of  this  element  was  Indicated  by 
(1)  qualitative  XRF  scans  of  the  bulk  material  and  (2)  Information  on 
Material  Safety  Data  Sheets  for  competitive  mud  products  that  perform  the 
same  function  as  the  bagged  materials  that  were  used  on  the  drill  rig.  The 
analysis  Indicated  that 

o  soluble  chrome  VI  levels  were  below  the  detection  limit.  At  the 
detection  limit#  all  chrome  VI  concentrations  were  less  than 
0.008  mg/m3  relative  to  a  TLV-TWA  of  0.05  mg/m3, 

o  soluble  chrome  II  and  III  were  also  below  the  detection  limit. 

At  the  detection  limit#  calculated  concentrations  were  well 
below  the  chrome  II  and  III  TLV-TWA  of  0.5  mg/m3,  and 

o  similar  results  were  obtained  for  Insoluble  chrome  II  and  III. 

In  the  final  analysis,  these  samples  could  also  have  been  analyzed  gravi¬ 
metrical  ly  for  total  dust  concentration.  However,  the  caveat  that  was 
associated  with  the  rust  and  paint  chipping  operation  Is  appropriate  to 
this  scenario  also. 


y.  CONCLUSIONS  AND  RECOMMENDATIONS 


V.l  Nol se 

The  conclusions  presented  here  are  based  on  the  documentation  and 
measurement  activities  conducted  during  this  project.  The  operating  condi¬ 
tions  and  worker  activities  depicted  In  this  report  may  not  always  be  typi¬ 
cal  of  the  offshore  Industry.  Therefore,  unless  otherwise  Indicated,  these 
conclusions  should  not  be  generalized. 

o  The  SPL  environment  on  offshore  production  platforms  Is  rela¬ 
tively  constant  over  time.  Local  variations  do  occur  when 
welders,  cranes#  portable  generators,  and  other  equipment  are 
operated.  However,  the  operating  ccndltlons  appear  to  stay  re¬ 
asonably  stable  from  day  to  day. 

o  The  SPL  environment  on  drilling  rigs  Is  much  more  time  dependent 
than  on  production  platforms.  Operating  conditions  may  change 
on  a  somewhat  random  basis  depending  on  the  type  of  bit.  forma¬ 
tion  structure,  drilling  depth  and  many  other  variables.  For 
example,  the  mud  pumps  and  shale  shakers  may  not  be  noise 
sources  curing  tripping  operations.  However,  the  time  required 
to  conduct  the  tripping  operation,  and  the  time  between  tripping 
operations  are  both  variable,  making  exposure  estimates  from  SPL 
surveys  very  difficult. 

o  Dosimetry  measurements  provide  the  most  accurate  method  of 

evaluating  potential  noise  exposures  incurred  by  an  Individual, 
but  the  dosimetry  does  not  Isolate  major  noise  sources  unless 
simultaneous  time-motion  data  are  recorded. 

o  SPL  survey  techniques  provide  a  rapid  means  of  evaluating  the 
spatial  distribution  of  SPLs.  Temporal  variations  require  ad¬ 
ditional  surveys  If  the  data  Is  to  be  used  In  estimating  a 
worker's  exposure.  The  temporal  and  spatial  resolution  of  both 
the  SPL  environment  and  the  worker's  activity  should  be  consi¬ 
dered  to  assess  the  validity  of  exposure  estimates. 

o  SPL  surveys  are  well  suited  to  finding  areas  which  exceed  the 
recorranended  action  level  of  85  dB ( A >  for  hearing  conservation 
programs.  The  company  may  then  elect  to  determine  or  calculate 
exposures  for  specific  Individuals.  Alternatively,  company 
policy  might  require  hearing  protection  In  all  areas  where  the 
SPL  exceeds  85  dB(A). 

o  Dosimeters  capable  of  "dumping"  time-dependent  raw  data  provide 
an  excellent  means  of  assessing  exposure  problem  areas.  This 
type  of  Instrument  should  be  considered  when  evaluating  the  SPL 
environment  on  a  facility. 

o  Dosimeters  which  provide  a  "Dottom  line"  assessment  of  exposures 
are  probably  adequate  to  ensure  compliance  with  standards.  This 
type  of  Instrument  may  provide  a  calculation  of  the  cumulative 
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effective  exposure#  LeffJ  the  ^ose  45  a  percent  of  the  permis¬ 
sible;  and  the  maximum  SPL  recorded.  Features  and  options  vary 
from  model  to  model . 

o  Recent  studies  [9]  indicate  that  50%  of  Industrial  workers 
tested  In-sltu  "....were  receiving  less  than  one-half  the 
potential  attenuation  of  the  earplugs".  The  reason  was  im¬ 
proper  application  of  tne  protective  device.  The  tests 
considered  preformed,  acoustic  wool#  custom  molded#  and 
acoustic  foam  earplugs.  These  findings  should  be  conslderod 
when  (1)  selecting  protective  devices  based  on  an  assessment 
of  the  required  attenuation  and  (2)  Implementing  a  training 
program. 

o  Measurements  obtained  during  this  study  Indicate  that  potential 
noise  exposures  are  generally  above  100%  of  the  permissible 
exposure  level.  All  samples  collected  for  a  full  shift 
Indicated  a  potential  exposure  greater  than  50%  of  the  OSHA 
permissible  dose.  Therefore#  hearing  conservation  programs 
should  he  employed. 

o  Confined  areas  such  as  compressor  buildings  and  generator  rooms 
had  warning  signs  and  hearing  protective  devices  were  provided 
at  the  entrances.  However#  the  SPL  contours  around  the  outside 
of  these  sources  may  also  exceed  the  85  dB(A)  action  level 
recommended  In  NVC  12-82.  The  exceedance  may  be  due  to  either 
the  source  within  the  confined  space  or  that  source  combined 
with  other  noise  sources  exterior  to  the  enclosure.  The 
circular  advises  employers  to  determine  actual  exposures  or 
require  hearing  protection  in  these  surrounding  areas  to  ensure 
an  LeffC24)  <82  dB( A) . 

o  The  use  of  the  word  "spaces"  In  NVC  12-82  regarding  the  posting 
of  warning  notices  should  be  Interpreted  as  both  open  spaces  and 
confined  space. 

o  The  current  recommended  Leff(24)  of  82  dB(A)  can  be  achieved 
through  a  combination  of  engineering,  protective  equipment  and 
administrative  controls.  The  Leff(24)  of  77  dB(A)  proposed  for 

"vessels"  constructed  after  1985  will  require  more  stringent 
administrative  controls.  Engineering  controls  will  be  prohibi¬ 
tively  costly. 

o  NVC  12-82  presently  recommends  SPLs  £75  dB(A)  In  living  quar¬ 
ters.  Future  "vessels"  should  have  SPLs  £70  dB(A).  In  many 
cases,  the  SPL  measured  In  living  quarters  was  less  than  70 
dB(A).  Exceptions  tended  to  result  from  a  gathering  of  people, 
television#  maintenance#  and  testing  equipment  for  short 
periods. 
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o  Workers  generally  spent  12  hours  per  day  Inside  the  living 
quarters.  Therefore#  an  leff(12)  may  be  more  appropriate  than 
an  Leff(24)  for  offshore  operations.  The  evaluation  of  a 
worker's  exposure  over  a  12-hour  period  will  probably  reduce 
the  costs  associated  with  making  the  necessary  measurements. 

o  NVC  12-82  Is  a  recommended  guideline  that  applies  strictly  to 
Inspected  commercial  vessels  excluding  Mobile  Offshore  Drilling 
Units.  The  USCG  recommends  that#  In  the  absence  separate  guide¬ 
lines#  NVC  12-82  also  be  applied  to  offshore  rigs  and  platforms. 
This  situation  accounts  for  varying  degrees  of  awareness  of  the 
NVC.  Workers  were  not  aware  of  Its  existence.  Some  facility 
owners  are  aware  of  the  NVC#  others  are  not. 

o  NVC  12-82  appears  to  be  applicable  to  operations  on  offshore 
facilities.  As  applied  to  offshore  work  schedules#  an  leff(24) 
of  82  dB(A)  and  a  5dB(A)  exchange  rate  Is  equivalent  to  12  hours 
at  87  db(A)  followed  by  12  hours  below  an  80  dB(A)  threshold. 
Consistent  with  the  Coast  Guard  philosophy  of  an  action  level, 
hearing  protective  devices  should  be  worn  In  areas  that  exceed 
8S  dB<A).  The  applicability  Is  directed  toward  Individuals  with 
normal  hearing.  Noise  sensitive  Individuals  would  benefit  from 
a  screening  program  that  would  Identify  these  Individuals  and 
treat  them  accordingly — possibly  with  a  recommendation  for 
continuous  protection  everywhere  outside  of  the  crew  quarters. 

V.2  Airborne  Contaminants 

The  conclusions  that  follow  are  based  on  a  7-day  observation  of 
offshore  drilling  and  production  operations.  During  this  7-day  period#  It 
was  possible  to  observe  and  monitor  only  a  small  portion  of  the  drilling 
fluid  chemicals  and  additives  that  are  used  In  drilling  operations.  Simi¬ 
larly#  not  all  maintenance  activities  occurred  during  this  period#  e.g. 
sandblasting.  Consequently,  the  conclusions  are  specific  to  the  observa¬ 
tion  period  and  the  materials/  operations  that  were  Involved;  extrapolation 
or  generalization  to  other  situations  Is  not  Justified. 

o  The  debris  from  rust  and  paint  chipping  resulted  In  exposures  to 
total  nuisance  dusts  at  levels  that  were  less  than  half  of  the 
TLV-TWA  of  10  mg/m3.  In  general#  rafter  samples  of  the  chipping 
debris  should  be  analyzed  first  for  the  absence  of  lead#  chrome 
and  other  toxic  trace  metals  in  order  to  justify  the  nuisance 
dust  assumption. 

o  Welding  on  mild#  uncoated  steel  resulted  In  breathing  zone  fume 
concentrations  of  manganese,  zinc  oxide  and  Iron  oxide  that  were 
substantially  below  their  respective  TLVs. 

o  Addition  of  dry#  bagged  chemicals  Into  the  mud  makeup  hopper 
produced  respirable  nuisance  dust  exposure  concentrations  that 
were  roughly  one-tenth  of  the  5  mg/m3  TLV-TWA.  However#  care 
should  be  taken  to  consult  manufacturers'  Material  Safety  Data 


Sheets  to  determine  whether  the  drilling  fluid  chemicals  contain 
toxic  metal  compounds*  such  as  sodium  dlchromate,  which  may 
nullify  the  nuisance  dust  assumption. 

Opportunities  did  not  arise  to  observe  the  following  operations  or  mate¬ 
rials 

o  sandblasting, 
o  spray  painting* 

o  confined  space  entries  Involving,  dust 
or  vapor  atmospheres, 

o  addition  of  asbestos-containing  mud  chemicals,  and 
o  oil-base  drilling  muds, 
o  skin  contact  with  well  completion  fluids 

Based  on  Phase  I  of  this  study.  It  was  concluded  that  the  potential 
for  vapor  or  gas  exposure  was  minimal  during  normal  rig  operations.  There 
are  sources  of  high  concentrations  of  fugitive  emissions.  However,  the 
size  of  the  sources  and  the  release  rates  are  such  that  meaningful  concen¬ 
trations  do  not  develop  In  the  workplace. 

During  the  7-day  test,  opportunities  did  not  arise  to  monitor  oc¬ 
cupational  exposures  to  silica  from  sandblasting.  Despite  this  situation, 
sandblasting  Is  a  fairly  routine  operation  on  Outer  Continental  Shelf 
facilities.  The  hazards  associated  with  respiratory  exposure  to  free 
silica  are  well  recognized.  For  Improperly  protected  workers,  chronic 
fatal  silicosis  may  occur  after  10  years  of  exposure  [10,113.  Acute  fatal 
sandblaster's  silicosis  may  occur  after  Intense  exposures  over  three  to 
four  years  [10,11].  The  hazards  of  exposure  are  not  limited  to  the  sand¬ 
blasters.  Samlml's  research  [11]  revealed  that  workers  who  were  not  direc¬ 
tly  Involved  In  the  blasting  operation  were  exposed  on  the  average  to  free 
silica  concentrations  up  to  2.7  times  the  TLV.  Free  silica  dust  from  an 
adjacent  blasting  operation  was  transported  by  the  ambient  wind  to  where 
the  unprotected  employees  were  working.  That  study  also  revealed  that 
sandblaster's  exposures  were  excessive  and  resulted  principally  from  the 
use  of  nonal r-suppl led  hoods,  worn-out  hoods,  defective  alr-supplleo  hoods 
and  careless  procedures.  Based  on  this  discussion.  It  Is  recommended  that 
future  Industrial  hygiene  surveys  be  conducted  to  Identify  the  frequency 
and  duration  of  blasting  operations,  the  corresponding  occupational  expo¬ 
sures  of  blasters  and  support  workers,  and  the  level,  extent  and  condition 
of  respiratory  protective  equipment. 

In  addition  to  sandblasting,  an  opportunity  to  observe  the  handling 
of  well  completion  fluids  did  not  arise  during  the  7-day  test.  Saturated 
brine  solutions  such  as  sodium,  potassium  and  calcium  chloride  or  bromide 
are  used  to  displace  the  drilling  mud  from  the  well  bore  prior  to  perfo¬ 
rating.  The  Phase  I  report  (Ref.  (I),  Appendices  K  and  L)  summarized  dis¬ 
cussions  with  drilling  crew  members  that  showed  an  awareness  of  the  poten¬ 
tial  for  skin  Irritation  due  to  contact  with  saturated  brine  solutions. 

One  drilling  contractor  posted  a  notice  in  the  crew's  quarters  warning  the 
crew  of  the  Irritation  hazard  of  saturated  brine  solutions,  and  advising 
the  use  of  a  skin  barrier  cream  to  avoid  contact.  Crew  members  were  also 
advised  to  rinse  their  hands  for  15  minutes  under  running  water  (with  hand 
washing)  to  avoid  Irritation  and  Infection  from  skin  contact  with  saturated 
brine  solutions. 
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FIGURE  A. 1 ,  UPPER  LEVEL  -  PLATFORM  NO.  1  -  SOUND  PRESSURE  LEVEL  CONTOURS  IN  dB( A) 


FIGURE  A. 2.  GEN.  ROOM  -  PLATFORM  NO.  I  -  SOUND  PRESSURE  LEVEL  CONTOURS  IN  dB(A) 
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FIGURE  A. 5.  UPPER  LEVEL  -  PLATFORM  NO.  2  -  SOUND  PRESSURE  LEVEL  CONTOURS  IN  <JB( A) 
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PLATFORM  NO.  2  -  SOUND  PRESSURE 


FIGURE  A.]}.  LOVER  LEVEL  -  PLATFORM  NO.  4  -  SOUND  PRESSURE  LEVEL  CONTOURS  IN  cJB( A) 


FIGURE  A. 12.  UPPER  LEVEL  -  PLATFORM  NO.  5 

SOUND  PRESSURE  LEVEL  CONTOURS  IN  dB(A) 
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FIGURE  A. 14.  PRODUCTION  QUARTERS  -  PLATFORM  NO.  5 
SOUND  PRESSURE  LEVEL  IN  dBCA) 
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FIGURE  A. 16.  PRODUCTION  DECK  -  PLATFORM  NO.  7  -  SOUND  PRESSURE  LEVEL  CONTOURS  IN  dB(A) 


NOT6:  #/+  REPRESENTS  SOUND  LEVEL  MEASUREMENTS 

RECORDEO  OURINQ  VARIOU8  ACTIVITIES  TAKING 
PLAOE  ON  SEVERAL  ADJACENT  LEVELS 


FIGURE  A. 17.  DRILLING  LEVEL  -  DRILL  RIG  NO.  1  -  SOUND  PRESSURE  LEVELS  IN  dB( A) 
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FIGURE  A. 18.  EQUIPMENT  DECK  -  DRILL  RIG  NO.  I  -  SOUND  PRESSURE  LEVELS  IN 
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FIGURE  A. 20.  PRODUCTION  QUARTERS  -  DRILL  RIG  NO.  1 
SOUND  PRESSURE  LEVELS  IN  dB( A) 
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FIGURE  A. 21.  ENGINE-GENERATOR  DECK  -  DRILL  RIG  NO.  1 
SOUND  PRESSURE  LEVEL  CONTOURS  IN  dB(A) 
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FIGURE  A. 22.  DRILLING  LEVEL  -  UKILL  RIG  NO.  2 

SOUND  PRESSURE  LEVEL  CONTOURS  IN  dB(A) 


FIGURE  A. 23.  UPPER  LEVEL  -  DRILL  RIG  NO.  2  -  SOUND  PRESSURE  LEVELS  IN  <JB(M 
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During  the  period  April  25,  1983  through  Hay  1,  1983  two  SwHI 
employees  and  the  USCG  technical  monitor  collected  noise  dosimetry  data  on 
selected  individuals.  The  selection  was  made  primarily  on  the  basis  of 
job  title  or  description.  We  intentionally  selected  the  worker’s  believed 
to  have  the  highest  probability  of  exceeding  the  permissible  exposure 
levels  during  a  normal  work-day,  assuming  no  hearing  protection  was  worn. 

A  total  of  sixteen  do3imetry  records  were  obtained  during  the 
offshore  observation  period.  Fourteen  of  the  surveys  had  sample  durations 
in  excess  of  10.5  hours.  Of  these  fourteen  observations,  eleven  indicated 
the  worker  would  have  received  more  than  100$  of  the  allowable  exposure 
without  hearing  protection.  Table  B.I  summarizes  the  noise  dosimetry 
observations.  This  table  indicates  the  identification  number  under  which 
SwRI  has  stored  the  data;  the  worker's  job  or  title;  the  sample  duration; 
the  elapsed  time  to  reach  100$  of  the  allowable  exposure;  whether  or  not 
hearing  protection  was  worn;  and  the  projected  12  hour  and  24  hour 
effective  exposures  assuming  no  additional  exposure  >80  dB(A).  Although 
most  of  this  data  can  be  readily  interpreted,  the  hearing  protection  column 
requires  an  explanation. 

During  the  offshore  observation,  workers  inserted  ear  plugs  or 
donned  muffs  prior  to  entering  a  structure  which  required  hearing 
protection.  Therefore,  the  use  of  hearing  protection  indicates  that  the 
worker  was  required  to  enter  a  compressor  room,  generator  room,  or  other 
high  noise  area.  The  only  exceptions  were  surveys  ND  13  and  ND  14.  The 
two  roustabouts  worked  outside  in  an  area  which  was  quiet  when  they  were 
not  working.  Therefore,  no  signs  were  posted  requiring  hearing  protection 
in  the  general  area.  However,  due  to  the  high  noise  level  of  the  work, 
both  roustabouts  wore  plugs,  which  appeared  to  be  cotton  balls. 


The  remainder  of  this  appendix  contains  the  data  obtained  for  each 
case  listed  in  Table  B.I.  Three  figures  Eire  presented  for  each  case  as 
described  in  Section  III. 3.  A  table  is  presented  with  each  of  the  sixteen 
histograms  to  indicate  what  activities  were  conducted  during  the  intervals 
marked  on  the  histograms. 
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TABLE  B. 1.  DOSIMETRY  DATA  COLLECTED  OFFSHORE 


1 

1 

Noi  r.c  } 

Dosimetry 
TD  No. 

Worker  Job 
or  Title 

Sample 

Duration 

(Hours! 

Time  When 
Exposure 
Exceeded 
Allowable 
( Hours) 

Hearing 

Protection 

Max* 

Dose 

1 

] 

Leff( 12) 
_ dELD _ 

i 

Leff(24) 
dB(Al.  . 

ND  1 

SwRI 

10.7 

7.5 

Y 

146? 

89.85 

84.85 

ND  2 

USCG 

10.7 

7.5 

Y 

134? 

89.40 

84.40 

ND  3 

Day  Pumper 

12.0 

8-3 

Y 

121? 

88.84 

83.84 

ND  4 

Day  Roust¬ 
about 

12.0 

0.3 

Y 

110? 

88.18 

83-18 

ND  5 

Welder 

10.7 

10.5 

N 

103? 

87.35 

82.35 

ND  6 

Driller 

11.8 

8.3 

N 

176? 

91-36 

86.36 

ND  7 

Derrick  Man 

12.0 

«« 

N 

78? 

85.85 

80.85 

ND  8 

Driller 

12.0 

8.0 

N 

167? 

90.78 

85-78 

ND  9 

Derrick  Man 

11.8 

3.7 

N 

318? 

95.42 

90.42 

ND  10 

Roustabout 

5.5 

it 

N 

86? 

85-97 

80.97 

ND  11 

Roustabout 

1.5 

it 

N 

19? 

75.20 

70.20 

ND  12 

Electrician 

11.0 

•• 

Y 

58? 

84.05 

79-05 

ND  13 

Roustabout 

11.5 

.8 

Y 

1450? 

106.31 

101.31 

ND  1H 

Roustabout 

ii. n 

1.5 

Y 

820? 

102.21 

97.21 

ND  15 

Welder's 

Assistant 

12.0 

12.0 

N 

100? 

87.28 

82.28 

ND  16 

Welder 

12.0 

«• 

N 

69? 

1 

85.10 

80.10 

*  =  Maximum  close  is  calculated  based  on  USCG  NVC  12-82 
acceptable  effective  exposures. 

«*  =  Allowable  level  was  not  exceeded  during  the  sample. 

Y  =  Hearing  protection  worn  in  designated  areas. 

N  =  No  hearing  protection  was  worn  during  the  day. 
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TABLE  B. II.  ACTIVITIES  DURING  INTERVALS  INDICATED 
ON  FIGURE  B.1 


Interval 

Activity 

A 

Inside  crevboat  traveling  to  field 

B 

Touring  Platform  1 

C 

Touring  Platform  2 

D 

Touring  Platform  3 

E 

Touring  Platform  4 

F 

Touring  Drilling  Rig 

G 


Fieldboat  to  Platform  2 


SPL  (DBA) 


i  '  r 


>W 


-PERMISSIBLE  PER  USCG  NVC 


ACTUAL  CUMULATIVE 


(12) .=  89. 
(24)  =  84. 


12-82 


85  dB (A) 


85  dB (A) 


EFFECTIVE  EXPOSURE 


0  00  1.00  2.0O  3.00  4.0O  5  00  b.  00  7.60  8.00  9.00  10.  O  11.0  12.0 

TIME  (HOURS) 


FIGURE  B.2.  CUMULATIVE  EFFECTIVE  EXPOSURE  ON  SwRI  EMPLOYEE 
(Identification  Number  ND1) 


FIGURE  B.3.  CUMULATIVE  DOSE  RECORDED  ON  SwRI  EMPLOYEE 
(Identification  Number  ND1) 


TABLE  B. III.  ACTIVITIES  DURING  INTERVALS  INDICATED 
ON  FIGURE  B.4 


Interval 

. 

Activity 

A 

Inside  crewboat  traveling  to  field 

B 

Touring  Platform  1 

c 

Touring  Platform  2 

D 

Touring  Platform  3 

E 

Touring  Platform  ^ 

F 

Touring  Drilling  Rig 

G 

Fieldboat  to  Platform  2 

i 

i 


CUMMULunV 


>.  0  Max  ■  134%  1 

I  rr-OF  PERMISSIBLE 


sF'l  (DBh? 


FIGURE  B.6. 


CUMULATIVE  DOSE  DETER  HIDED  FOR  DECO  TECHNICAL  MONITOR 
(Identification  Number  ND2) 
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TABLE  B. IV.  ACTIVITIES  DUFINQ  INTERVALS  INDICATED  ON  FIOURE  B.7 


Interval 


T 

C 

V 

w 

X 


Y 

Z 

AA 


Aotivity 


Inside  compressor  buildings. 

Inside  control  room. 

Operated  orane. 

Inaiae  office. 

Inside  compressor  building. 

Worked  on  10  foot  level  and  wellhead  level. 

Inside  quarters. 

)  Inside  compressor  building.  Neither  unit  running 
initially  while  repairs  were  being  made. 

Checked  wellhead  area. 

Worked  near  wellhead  area. 

Operated  crane,  checked  generator  room. 

Inside  quarters. 

Operated  orane. 

Inside  quarters. 

Operated  crane. 

Inside  office. 

Inside  compressor  building. 

Inside  warehouse  10  minutes  and  then  lubricated  crane. 
Worked  primarily  in  wellhead  area  lubrioating  valves; 
also  operated  crane. 

Operated  orane. 

Inside  operator's  shack. 

Inside  compressor  building  oollecting  data. 

Inside  office. 

Operated  orane  and  read  instruments  on  top  of 
compressor  building.  Hearing  protection  was 
worn  17  minutes. 

Worked  near  separators  6  minutes  and  worked  in 
mechanic's  shop. 

Unloaded  equipment  basket  on  main  deck. 

|  Inside  quarters. 
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TABLE  B.V.  ACTIVITIES  DURING  INTERVALS  INDICATED  ON  FIGURE  B.10 


Interval 

Activity 

A 

i 

Performed  rounds  to  take  readings  on  equipment, 

including  generators.  Wore  ear  muffs. 

B 

Inside  office. 

C 

Tended  cargo  basket,  went  down  to  lower  level 

of  platform. 

D 

Operating  crane. 

E 

Worked  on  10  foot  level  and  wellhead  area. 

F 

Wellhead  area. 

G 

Inside  for  break. 

K 

Worked  on  compressor  room. 

I 

Wellhead  area  27  minutes,  main  deck  22  minutes 

during  this  interval. 

J 

Taking  readings  on  generators. 

K 

Inside  office. 

L 

Well  bay  area. 

M 

Inside  for  lunch. 

N 

Worked  in  well  bay  area  primarily. 

0 

Operated  crane. 

P 

Taking  readings  on  generators. 

Q 

Working  in  wellhead  area. 

R 

Inside  office. 

S 

Working  inside  mechanic's  shop. 

T 

Working  on  main  deck  20  minutes  and  7  minutes  in 

well  bay  area. 

U 

Inside  quarters. 
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FIGURE  B. 12.  CUMULATIVE  DOSE  RECORDED  ON  DAT  ROUSTABOUT 
(Identification  Number  ND4) 
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FIGURE  B. 13.  NOISE  DOSIMETRY  ON  CONTRACT  WELDER 
(Identification  Number  ND5) 


TABLE  B. VI.  ACTIVITIES  DURING  INTERVALS  INDICATED  ON  FIGURE  B.13 


Interval 

Activity 

A 

Grinding  and  welding  on  Platform  1. 

B 

Inside  quarters  while  gas  was  flared.  ( Dosimeter  was 

in  standby  position. 

C 

Orinding  and  welding. 

D 

Welding,  cutting  pipe,  and  grinding. 

E 

Inside  quarters.  (Dosimeter  was  in  standby  position) 

F 

Cutting  pipe  and  grinding. 

G 

Grinding  and  welding. 

H 

Inside  quarters. 

I 

Installing  a  new  hoist  in  welding  area. 

J 

Transferring  finished  pices  to  top  deok. 
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FIGURE  B. 14.  CUMULATIVE  EFFECTIVE  EXPOSURE  ON  CONTRACT  WELDER 
(Identification  Nunber  ND5) 
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FIGURE  B.16.  NOISE  DOSIMETRY  ON  DRILLER 
(Identification  Number  ND6) 
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TABLE  B. VII.  ACTIVITIES  DURINQ  INTERVALS  INDICATED  ON  FIGURE  B. 16 


i 


Interval 


Activity 


A 

B 


I 


Tripping  pipe.  Drawworks  were  shutdown  for  *1  minutes 
after  1  hour,  34  minutes. 

Accumulator  operated  intermittently  for  a  total  of 
4  minutes,  15  seoonds. 

Accumulator  operated  66  seoonds. 

Accumulator  operated  79  seoonds. 

Aooumulator  operated  4  minutes,  16  seconds. 

Equipment  shutdown  39  minutes. 

Drawworks  operating,  accumulator  operated  SO  seconds. 
Testing  MWD  system. 

Going  back  into  hole. 

Testing  MWD. 

Going  back  into  hole. 

Testing  MWD 

Going  back  into  hole. 

Filling  drill  pipe  with  mud. 

Finish  going  baok  into  hole. 
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TABLE  B. VIII.  ACTIVITIES  DURING  INTERVALS  INDICATED  ON  FIGURE  B.19 


Interval 


Activity 


G 

H 


I 

J 


Worked  on  monkey  board  stacking  pipe. 

Worked  on  drill  floor. 

Worked  on  drill  floor  and  pipe  storage  area  cleaning 
equipment  and  preparing  to  test  BOP. 

Worked  on  drili  floor.  Accumulator  was  periodically 
charged  during  this  time.  Derrickman  occasionally 
stood  within  3  feet  of  the  accumulator  during  charging.1 
Inside  quarters  for  dinner. 

Worked  on  drill  floor.  Accumulator  drawworks  and 
crane  operated  during  this  time. 

Worked  on  monkey  board  adding  pipe. 

Came  down  to  rig  floor  for  5  minutes;  went  to  mud 
pump  room  for  1  minute  and  remained  in  mud  makeup 
area  7  minutes. 

Returned  to  monkey  board. 

Came  down  to  mud  makeup  area  for  15  minutes. 
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FIGURE  B.21.  CUMULATIVE  DOSE  RECORDED  ON  DERRICKMAN 
(Identification  Number  ND7) 


TABLE  B. IX.  ACTIVITIES  DURING  INTERVALS  INDICATED  ON  FIGURE  B.22 


Drilling. 

Drawworks  brake  applied  28  times  in  60  seconds. 

Brake  applied  75  times. 

Equipment  shutdown,  driller  placed  a  telephone  call. 
Breaking  in  new  bit  through  "tight*  formation. 
Drilling  for  5-5  hours. 

MWD  survey. 

MWD  survey. 

MWD  survey. 

Driller  moved  away  from  the  drill  floor  to  eat 
breakfast . 

MWD  survey. 

MWD  survey. 

Drilling. 

MWD  survey. 

MWD  survey. 

MWD  survey. 


CUMMULATIVE 


B  C 


F  G  H  I  J 


III!  I  II 


*  m  *w.a  **  vr:  v  ,- 

*  fl *  tf?  ****$£  If 


i  ,  te*.  M  i  ill  i 
|  I  IHr"  ;  II,  'Hj  iljrj  1 

|  Jl' 

■:  ?‘i 

;  •- 


\  m*m 

*  *  ^**  ifLt  1  ■!'  *'*-  fth,  f*  Ht.  ft ;  V'  f  l^«  b-  *~  3£  ■  ^ 


Luu.  Lpk.:.  .*«i  jBKlfca-.^-  ,<_J 

i  --'v  7  00  “  00  5.  Q>"i  rf  00  F  00'  •:  00  5*  *00  i0  O'  ii  0  iil  O' 


II  i  ii 


I  •  -~.i  i  r- 

riinj- 


FIGURE  B.25.  NOISE  DOSIMETRY  ON  DERRICKKAN 
(Identification  Number  ND?) 
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TASLE  B.X.  ACTIVITIES  DURING  INTERVALS  INDICATED  ON  FIGURE  B.25 


Interval 


Aotivlty 


E 

C 

D 

E 

F 

G 

N 

I 

J 

K 


( SPL  peak a 


Entered  pump 
Entered  pump 


Worked  in  aud  makeup  area  and  puap  room 
ooeurred  while  he  was  in  the  pump  room) 

Inside  puap  room. 

Worked  primarily  in  mud  makeup  area, 
room  for  short  periods  of  time. 

Inside  puap  room. 

Worked  primarily  in  aud  makeup  area, 
room  twice  for  a  total  of  75  seconds. 

Inside  quarters  to  eat. 

Worked  in  mud  makeup  area.  Entered  puap  room 
for  short  periods. 

Worked  in  puap  room. 

Worked  in  mud  makeup  area. 

Worked  in  puap  room. 

Worked  primarily  in  mud  makeup  area.  Also  worked 
in  pump  room  and  cementing  room  a  total  of  20  minutes. 
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FIGURE  B.26 ,  CUMULATIVE  EFFECTIVE  EXPOSURE  OR  DERRICKMAN 
(Identification  Number  ND9) 
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TABLE  B. XI.  ACTIVITIES  DURING  INTERVALS  INDICATED 
ON  FIGURE  B.28 


Interval 

Activity 

A 

Working  in  mud  pit  area  adding 

Barite;  cleaning  up  area. 

B 

Inaide  for  break. 

C 

Working  in  mut  pit  area. 

D 

Left  mud  pit  area. 

E 


Working  in  mud  pit  area 


FIGURE  B.30.  CUMULATIVE  DOSE  RECORDED  ON  ROUSTABOUT 
(Identification  Number  ND10) 
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TABLE  B.XII.  ACTIVITIES  DURING  INTERVALS  INDICATED 
ON  FIGURE  B. 31 


PERM! 


SSIBLE  PER  "USCG  NVC  12 


ACTUAL  CUMULATIVE:  EFFECTIVE  EXPOSURE 


Leff(12)  -  75.20  dB (A) 


(24)  =  70.20  dB ( A) 
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FIGURE  8.32.  CUMULATIVE  EFFECTIVE  EXPOSURE  ON  ROUSTABOUT 
(Identification  Number  ND11) 
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FIGURE  B.33.  CUMULATIVE  DOSE  RECORDED  ON  ROUSTABOUT 
(Identification  Number  ND11) 


TABLE  B. XIII-  ACTIVITIES  DURING  INTERVALS  INDICATED  ON  FIGURE  B.34 


Interval 

Activity 

A 

Field  boat  to  Platform  1. 

B 

Inside  living  quarters  and  welder's  shed. 

C 

Inside  compressor  building  No.  2  -  two  units  running. 
Wore  earplugs. 

D 

Inside  compressor  building  No.  1  -  no  units  running. 

Did  not  wear  plugs. 

E 

Inside  quarters. 

F 

Inside  compressor  building  No.  1. 

G 

Inside  mechanic's  shop. 

H 

Inside  compressor  building  No.  1  (one  unit  was  run 
for  5  minutes). 

I 

Inside  quarters. 

J 

Working  on  roof  of  compressor  building  No.  1.  Did 
not  wear  ear  plugs.  (A  P.A.  speaker  on  the  roof 
was  being  used  almost  continuously.  The  SPL  due  to 
the  speaker  was  95-100  dB(A)). 

K 

Inside  quarters  for  lunch. 

L 

Inside  compressor  building  No.  1 . 

M 

Inside  electrical  shop. 

N 

Inside  compressor  building  No.  1. 

0 

Field  boat  to  Platform  2. 

P 

Inside  quarters  to  repair  ice  maker. 

Q 

Inside  generator  room  3  minutes  to  get  SwRI  soldering 
iron  to  use  on  ice  maker. 

R 

Inside  quarters  to  finish  repairs,  eat  dinner,  and 
wait  for  field  boat. 
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FIGURE  B.38.  CUMULATIVE  EFFECTIVE  EXPOSURE  ON  ROUSTABOUT 
(Identification  Number  ND13) 
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TABLE  B.XV.  ACTIVITIES  DURING  INTERVALS  INDICATED  ON  FIGURE  B. HO 


Interval 


Activity 


Preparing  equipment. 

Chipping  paint  with  a  needle  gun. 

Inside  quarters  for  morning  break. 

Chipping  paint. 

Inside  quarters  for  lunch. 

Chipping  paint. 

Working  on  pipe  floor  handling  personnel  basket. 
Chipping  paint. 

Working  on  pipe  floor  handling  personnel  basket. 
Chipping  paint. 

Inside  quarters  for  afternoon  break. 

Preparing  to  paint. 

Spray  painting. 

Cleaning  up  equipment. 
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FIGURE  B.41.  CUMULATIVE  EFFECTIVE  EXPOSURE  OH  ROUSTABOUT 
(Identification  Number  ND14) 
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FIGURE  B.D2.  CUMULATIVE  DOSE  RECORDED  OH  ROUSTAEOUT 
(Identification  Number  ND1i») 
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FIGURE  B.H3.  NOISE  DOSIMETRY  ON  WELDER’S  ASSISTANT 
(Identification  Number  ND15) 
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TABLE  B. XVI.  ACTIVITIES  DURING  INTERVALS 


INDICATED  ON  FIGURE  B.43 


Activity 


Preparing  equipment  to  transfer  to  field  boat. 

(Worked  on  various  levels  of  Platform  9  and  entered 
the  warehouse  several  times  to  gather  up  equipment 
and  supplies. 

Inside  quarters  waiting  for  field  boat. 

On  board  field  boat  to  transport  equipment  to 
Platform  3. 

Inside  quarters. 

Setting  up  welding  equipment.  Required  the  assistant 
to  go  make  several  trips  to  the  10  foot  level  to 
transfer  equipment  and  supplies. 

Inside  mechanic’s  shop. 

Transferring  pipe  to  10  foot  level. 

fV^er.  Approximately  16  minutes 
30  Lconds  b  nlshlnfi‘  Durations  were  usually  about 

Inside  quarters. 

Cutting  pipe. 

14  *«»«  «** 

Burnished  approximately  11  minutes  during  this  interval. 
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FIGURE  B.UM.  CUMULATIVE  EFFECTIVE  EXPOSURE  ON  WELDER’S  ASSISTANT 
(Identification  Number  ND15) 


B-61 


FIGURE  B.U5.  CUMULATIVE  DOSE  RECORDED  ON  WELDER'S  ASSISTANT 
(Identification  Number  ND15) 


TABLE  B.XVII.  ACTIVITIES  DURING  INTERVALS  INDICATED  ON  FIGURE  B.46 


Interval 

Activity 

A 

On  main  deck  3  minutes;  in  and  out  of  berthing  space 

6  minutes. 

B 

Loading  equipment  on  field  boat. 

C 

On  main  deck  of  Platform  3- 

D 

On  main  deck  of  Platform  3. 

E 

On  main  deck  of  Platform  3. 

F 

Went  down  to  lower  level  (welding  area)  of  platform. 

G 

Inside  living  quarters  (lunch). 

H 

Started  welder. 

I 

Grinding  ends  of  pipe. 

J 

Inside  living  quarters. 

K 

Went  down  to  lower  level  to  cut  pipe. 

L 

Burnishing  6  minutes  and  welding  8  minutes. 

M 

Inside  living  quarters  (dinner). 

N 

Welding  9  minutes;  burnishing  5  minutes. 
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FIGURE  B.48.  CUMULATIVE  DOSE  RECORDED  ON  CONTRACT  WELDER 
(Identification  Number  ND16) 
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APPENDIX  C 

U.  S.  COAST  GUARD  NAVIGATION  AND  VESSEL  INSPECTION 
CIRCULAR  NO.  12-82 

RECOMMENDATIONS  ON  CONTROL  OF  EXCESSIVE  NOISE 


DEPARTMENT  OF  TRANSPORTATION 

MAlLiNO  AOOfttift 

UNITED  STATES  COAST  GUARD  u.S.  Coa,t  Ou«d  KHW-2) 

Washington,  D.C.  20593 
202-426-2190 

w c  12-82 
f  JUNK 

’  NAVIGATION  AND  VESSEL  INSPECTION  CIRCULAR  NO.  12*82 

SubJ:  Recommendations  On  Control  of  Excessive  Noli# 

Ref :  (a)  46  CFR  32.40-15 

<b)  46  CFR  72.20-5 

(c)  46  CFR  92.20-5 

(d)  International  Mar It lot  Organisation  (IMO)  Resolution  A.468(XII), 

"Code  On  Noise  Levels  On  Board  Ships". 

(e)  U.S.  Naval  Ocean  Systems  Center,  "Study  of  Airborne  Noise  On 
Merchant  Ships"  (see  enclosure  (9),  reference  1). 

1.  PURPOSE .  This  Circular  contains  the  Coast  Guard's  recommendsd  /guidelines 
to  the  U.S.  maritime  industry  for  addressing  conditions  of  high  noise. 

The  guidelines  were  developed  in  consideration  of  the  need  for  protecting 
crewmembers  from  noise  exposures  which  may  produce  permanent  noise  induced 
hearing  loss;  for  providing  crewmembers  with  suitable  conditions  for 
recuperation  from  the  effects  of  exposure  to  high  noise  levels;  and  for 
providing  a  safe  working  environment  by  giving  conaideration  to  the  need 
for  effective  apeech  communication  and  for  hearing  audible  alarms  end 
warnings.  Amplifying  Information  In  attached  enclosures  is  provided  as 
guidance  In  addressing  key  aspects  of  noise  control. 

2.  APPLICATION. 

a.  The  recommendations  of  this  Circular  apply  to  all  commercial  veasels 
iuapected  by  the  Coaat  Guard  except  Mobile  Offshore  Drilling  Units. 

b.  Although  these  guidelines  are  not  directed  >speclf lcally  to 
uninspected  commercial  vessels,  the  Coast  Guard  considers  them  to  be 
appropriate  guidelines  should  any  owner  of  uninspected  vessels  also 
choose  to  follow  them. 
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2.  c.  At  th«  t in*  of  this  publishing,  chs  Coast  Guard  Is  collecting  data  to 

determine  whathar  saparata  guidelines  would  ba  appropriate  for 
inspected  offehore  drilling  units  and  fixed  structures.  However,  in 
lieu  of  separate  guidelines,  these  guidelines  are  recommended  for  the 
interim. 

3.  DISCUSSION. 

a.  According  to  a  recent  Coast  Guard-sponsored  etudy  (enclosure  (9), 
ref.  1),  noise  exposures  of  certain  personnel  aboard  U.S.  merchant 
vessels  were  found  to  be  in  excess  of  those  considered  to  be  safe. 

The  etudy  also  indicated  that  high  noise  levels  aboard  ship  interfere 
with  speech  Intelligibility,  Internal  shipboard  communications  and 
the  audibility  of  warning  signals,  which  potentially  impairs  the 
safety  of  some  operations  on  the  vessel.  Additional  studies  from 
foreign  countries  and  information  from  other  sources  overwhelmingly 
support  these  findings  for  virtually  all  classes  of  commercial 
vessels.  The  studies  also  demonstrate  that  unlike  shoreside  workers 
who  can  retreat  to  a  quiet  environment  after  their  work  shift, 
merchant  seamen  are  part  of  a  mobile  environment  and  may  not  have  the 
opportunity  to  retreat  to  a  quieter,  relaxed  atmosphere.  Crew 
quarters,  recreation  areas,  mesa  rooms,  etc.  are  sometimes  as  noisy 
as  the  working  environment.  Similar  problems  are  also  widely 
reported  in  the  offshore  drilling  industry.  (NOTE:  At  the  time  of 
this  publishing,  the  Coast  Guard  is  still  conducting  a  study  on  the 
particular  noise  problems  in  the  offshore  drilling  industry.) 

b.  The  effect  of  noise  on  hearing  is  a  function  of  the  actual  noise 
level,  its  component  frequencies  and  the  duration  of  exposure.  An 
excessive  combination  of  these  elements  results  in  a  shift  in  a 
person's  threshold  of  hearing,  i.e.,  an  elevation  in  the  lowest  level 
of  sound  detectable  to  the  ear.  A  threshold  shift  may  be  recoverable 
to  varying  degrees,  depending  upon  its  magnitude,  provided  the  person 
retreats  to  a  quiet  environment  (generally  accepted  as  below  75 
db(A) )  for  a  sufficient  time.  While  small  threshold  shifts  may  be 
totally  recovered,  large  shifts  are  only  partially  recoverable 
leaving  with  each  occurrence  a  small  permanent  threshold  shift,  known 
as  hearing  loss.  The  minimum  goal  of  a  noise  control  program  should 
be  to  Insure  thst  an  exposure  (noise  level  over  a  certain  duration) 
is  not  so  great  that  the  temporary  threshold  shift  cannot  be 
recovered  during  the  following  rest  period. 

c.  After  careful  study,  the  Coast  Guard  has  concluded  that  the  most 
meaningful  method  of  evaluating  excessive  noise  in  the  maritime 
industry  is  by  measuring  the  cumulative  noise  exposure  during  the 
complete  24-hour  day.  In  addition  to  consideration  of  the  normal 
work  time  noise  exposure,  the  24-hour  exposure  measurement  considers 
the  time  after  exposure  to  high  noise  to  evaluate  whether  sufficient 
quiet  time  is  provided  to  allow  for  recover)-  from  temporary  threshold 
shift.  The  term  which  will  be  used  to  express  this  measurement  is 
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(coat'd)  the  "24-hour  effective  exposure  level,"  or  Leff(24),  and 
is  defined  in  technical  terms  in  enclosure  (1).  The  Leff(24) 
concept  differs  somewhat  from  the  criteria  proscribed  by  the 
Occupational  Safety  and  Health  Administration  (OSHA)  because  of 
several  factors  which  distinguish  the  maritime  industry  from  industry 
ashore.  However,  the  Leff(24)  criteria  would  afford  similar 
protection. 

The  exposure  limit  recommended  herein  (82  dB(A))  is,  like  almost  all 
exposure  limits,  based  upon  an  evaluation  of  a  certain  degree  of  risk 
to  some  personnel  and  does  not  Insure  that  all  personnel  will  not 
incur  hearing  damage.  For  this  reason  a  hearing  conservation  program 
containing  a  system  for  periodic  audioaetric  testing  of  personnel  is 
necessary  to  detect  those  susceptible  persons  at  the  initial  outset 
of  a  hearing  impairment  before  any  appreciable  damage  is  accrued. 

Since,  such  a  program  would  generally  not  be  necessary  if  exposure 
levels  (computed  without  regard  to  attenuation  contributed  by  hearing 
protective  devices)  were  further  reduced  to  77dB(A),  the  Circular 
suggests  that  new  vessels  be  designed  so  that  the  77dB(A)  level  may 
be  achieved. 

The  control  methods,  l.e.,  engineering  controls,  administrative 
controls  or  hearing  protective  devices,  selected  by  the 
owner/operator  of  a  unit  to  achieve  the  recommended  exposure  limits, 
would  depend  upon  economic  and  other  considerations.  Based  upon  data 
obtained  ftcra  the  study  conducted  by  the  Coast  Guard  and  the  state  of 
the  art  in  present  noise  control  technology,  the  recommendations 
could  be  implemented  on  most  units  without  retrofitting,  principally 
through  the  use  of  hearing  protectors.  Other  units  may  additionally 
need  to  administratively  limit  the  time  of  exposure,  and/or  install 
soundproof  control  booths.  Ultimately,  however,  installation  of 
permanent  engineering  controls  to  reduce  noise  levels  is  the  best 
means  of  assuring  effective  hearing  protection.  Although  this 
technology  may  be  young  in  marine  applications  (in  the  United 
States),  the  Coast  Guard  has  seen  several  examples  where  significant 
reductions  in  noise  levels  in  engineering  compartments  through  modest 
engineering  controls  were  achieved.  The  exposure  levels  in  this 
proposal  are  such  that  they  may  be  economically  achieved  on  many 
vessels  by  using  these  engineering  controls.  It  is  encouraged  chat 
engineering  controls  be  used  whenever  economically  feasible. 

In  November  1981  the  International  Maritime  Organization  (IMO, 
formerly  IMCO)  approved  a  standard  on  shipboard  noise  entitled  "Code 
On  Noise  Levels  On  Board  Ships,"  which  applies  basically  to  new  ships 
of  1600  gross  tons  or  more.  The  Coast  Guard  participated  in  the 
development  of  this  Code  and  endorses  its  recommendations.  As  the 
preamble  to  the  Code  makes  clear  however,  it  was  not  Intended  that 
the  Code  be  adopted  verbatim  by  member  nations.  Rather,  each  nation 
was  permitted  the  flexibility  to  implement  the  principles  of  the  Code 
through  a  method  suited  to  the  maritime  industry  of  that  nation.  The 
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3.  f.  (coot'd)  Coast  Guard  believes  therefore,  that  the  recommendations  in 

this  Circular  are  a  satisfactory  implementation  of  the  IMO  Code. 

(NOTE:  The  IrlO  Code  contains  a  section  suggesting  recommended  noise 
level  limits  for  various  types  of  spaces  on  a  unit.  It  is  believed 
that  this  list  offers  guidance  which  would  be  useful  to  the  designers 
of  U.S.  vessels  and  is  therefore  incorporated  verbatim  as  an 
enclosure  to  this  Circular.  These  levels  are  provided  primarily  as 
guidelines  which  might  be  useful  for  design  specifications  for 
suitable  types  of  new  vessels.) 

g.  It  is  considered  that  implementation  of  the  recommendations  in  this 
Circular  will  involve  an  ongoing  process  encompassing  a  time  frame  of 
several  months  to  years,  depending  upon  the  vessel.  It  is 
anticipated  that  phases  involving  measurement,  provision  of  hearing 
protection  devices,  installation  of  some  engineering  controls, 
implementation  of  the  hearing  conservation  program  and  other 
administrative  aspects  could  be  completed  within  two  years.  However, 
it  may  take  up  to  four  years  before  complete  engineering  solutions 
can  be  designed  and  installed. 

h.  The  limits  and  procedures  set  out  in  these  guidelines  are  regarded  as 
minimum  acceptable  precautions  against  high  noise  conditions.  For  a 
greater  margin  of  sa  sty,  owners  and  operators  may  wish  to  provide 
higher  levels  of  protection.  Also,  as  technology  improves  and  as 
more  scientific  Information  becomes  available,  consideration  will  be 
given  to  amending  these  guidelines  accordingly. 

4.  ACTION. 

a.  The  following  paragraphs  b  through  i  contain  recommended  guidelines 
for  protecting  crewmembers  from  conditions  of  high  noise.  Additional 
information  in  the  attached  enclosures  (1)  through  (9)  are  provided 
to  amplify  certain  provisions  of  the  recommendations.  Definitions  of 
terms  used  are  contained  in  enclosure  (1). 

b.  Recommended  Exposure  Limit. 

(1)  Each  crewmember's  24-Hour  Effective  osure  Level,  Leff(24), 

as  defined  in  enclosure  (1),  shou  ons trained  to  a  maximum 

of  82  dB(A). 

(2)  If  exposure  levels  were  further  reduced,  through  engineering  and 
administrative  controls  alone,  to  an  Leff(24)  criteria  of  77 
dB(A),  the  hearing  conservation  program  outlined  below  would  no 
longer  be  necessary  in  most  cases.  The  Coast  Guard  believes 
that  the  technology  to  accomplish  this  objective  will  be 
feasible  on  most  deep-sea  vessels,  over  1600  gross  tons, 
constructed  after  1985  and  recommends  designing  to  the  77  dB(A) 
criteria  at  that  time. 
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4.  b.  (3)  NOTE:  The  exposure  limits  specified  above  are  based  upon  the 

findings  that  exposures  to  high  noise  in  the  maritime  industry 
are  normally  intermittent,  as  defined  in  enclosure  (1).  If  work, 
shift  noise  exposure  is  continuous,  vice  intermittent,  then 
exposure  levels  should  be  reduced  even  further. 

(4)  Lef f ( 24)  can  be  achieved  by  any  combination  of  engineering 
controls,  administrative  controls  or  hearing  protective 
devices.  However,  because  engineering  controls  provide  the  most 
positive  means  of  assuring  adequate  protection,  it  is 
recommended  that  engineering  controls  be  given  first 
consideration  and  evaluated  for  feasibility  before  opting  for 
other  methods.  Discussions  on  engineering  controls  and  hearing 
protective  devices  are  included  in  enclosures  (4),  (7)  and  (8). 

(5)  The  Coast  Guard  realizes  that  reducing  noise  levels  generally 
becomes  increasingly  more  difficult  on  smaller  vessels.  It  was 
for  this  reason  that  the  IMO  noise  level  limits  referred  to  in 
subparagraph  c.(2)  below  were  restricted  to  Vessels  over  1600 
gross  tons.  On  many  existing  vessels  of  less  than  500  gross 
tons,  the  Incorporation  of  effective  structural  and  engineering 
alterations  to  attenuate  structure-borne  noise  may  be 
economically  prohibitive.  However,  through  the  use  of  hearing 
protective  devices,  administrative  controls  and  selective 
engineering  changes,  the  recommended  24-hour  exposure  limit, 
Leff(24),  of  82db(A)  should  still  be  attainable. 

c.  Recommended  Noise  Limits. 

(1)  Where  practicable,  maximum  noise  levels  in  berthing  spaces,  and 
in  mess  spaces  of  units  over  500  gross  tons,  should  be  no 
greater  than  75  dB(A)  on  existing  units  and  70  dB(A)  on  new 
units. 

(2)  Annex  III,  paragraph  (l)(e),  of  the  International  Regulations 
for  Preventing  Collisions  at  Sea,  1972  (commonly  called  the  72 
COLREGS)  contains  the  following  requirements:  "The  sound 
pressure  level  of  the  vessel's  (fog  whistle]  at  listening  posts 
shall  not  exceed  110  dB(A)  and  so  far  as  practicable  should  not 
exceed  100  dB(A).”  The  72  COLREGS  are  U.S.  law  and  are 
mandatory  for  all  U.S.  vessels  navigating  on  the  high  seas. 

(3)  As  stated  in  Discussion  paragraph  3.f.,  the  "Code  On  Noise 
Levels  On  Board  Ships,"  a  noise  standard  published  in  November 
1981  by  the  International  Maritime  Organization  (IMO),  contains 
a  listing  of  suggested  noise  level  limits  for  various  spaces  on 
ship.  The  Coast  Guard  considers  that  these  limits  would 
generally  be  appropriate  for  adoption  as  minimum  design 
specifications  for  ocean-going  vessels  over  1600  gross  tons 
which  would  be  subject  to  the  IMO  Code.  This  list  of  limits  is 
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4.  c.  (3)  (cont'd)  In  enclosure  (6).  It  Is  not  intended  that  the  list 

supplant  any  other  recommendation  in  this  paragraph  4.,  nor  is 
it  meant  to  imply  that,  if  followed,  would  any  exposure  limit 
recommended  herein  be  automatically  achieved. 

d.  Hearing  Protective  Devices. 

(1)  Unless  the  Leff(24)  computed  or  measured  for  a  crewmember 
accounts  for  and  allows  such  an  exposure,  crewmemberB  should  be 
required  to  wear  hearing  protective  devices  whenever  entering 
spaces  with  noise  levels  greater  than  85  dB(A). 

(2)  NOTE:  Any  exposure  of  persons  not  wearing  hearing  protection  to 
noise  levels  over  105  dB(A)  should  be  avoided.  However,  if  such 
exposures  are  unavoidable,  they  should  be  constrained  to  the 
principle  of  intermittent  exposure  (see  definition  in  enclosure 
(1))  such  that  each  exposure  duration  is  one-seventh  of  the 
total  allowable  exposure  at  that  noise  level. 

(3)  At  no  time  should  the  unprotected  ears  of  crewmembers  be 
exposed  to  non-impulse  noise  levels  over  115  dB(A)  or  to  impulse 
noise  levels  over  140  dB(A). 

e.  Evaluation  of  Noise  Conditions. 

An  evaluation  of  noise  conditions  should  be  conducted  on  each  unit 
and  the  results  documented.  The  evaluation  should  consider  noise 
conditions  during  all  normal  operations  underway  and  in  port. 
Enclosure  (3)  should  be  consulted  with  regards  to  proper  equipment 
and  measurement  procedures. 

f •  Warning  Notices. 

(1)  Where  the  noise  level  in  spaces  exceeds  85  dB(A) ,  entrances  to 
such  spaces  should  carry  a  warning  notice  advising  personnel  of 
the  noise  hazard  and  the  need  for  hearing  protection.  (A  guide 
for  design  of  this  sign  is  the  ANSI  Specification  for  Accident 
Prevention  Signs,  235.1-1972.)  If  only  a  minor  portion  of  the 
space  has  such  noise  levels  the  particular  location(a)  or 
equipment  should  be  identified  at  eye  level,  visible  from  each 
direction  of  access. 


(2)  Where  hand  tools,  galley  and  other  portrble  equipment  produce 
high  noise  levels  in  normal  working  conditions,  warning 
information  should  be  provided,  preferably  on  the  device. 

g.  Instruction  to  Crewmembers. 

(1)  Crewmembers  should  be  instructed  in  the  hazards  of  high  and  long 
duration  noiBe  exposure  and  the  risk  of  noise  induced  hearing 
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(1)  (cont'd)  loss.  Instruction  should  also  include  a  description  of  the 
unit's  noise  control  program,  the  types  of  hearing  protection 
devices  provided  and  their  proper  use  and  care,  and  the  unit's 
hearing  conservation  program. 

(2)  Appropriate  crewmembers  should  receive  such  instruction  as  is 
necessary  in  the  correct  use  and  maintenance  of  machinery  and 
silencers  or  attenuators  in  order  to  avoid  the  production  or 
transmission  of  unnecessary  noise. 

Hearing  Conservation  Program. 

(1)  All  crewmembers  having  24-Hour  Effective  Exposure  Levels 
(computed,  in  this  case,  without  regard  to  attenuation 
contributed  by  hearing  protective  devices)  greater  than  77  dB(A) 
or  routinely  exposed  to  noise  levels  greater  than  85  dB(A) 
should  be  included  in  a  hearing  conservation  program  as  outlined 
in  enclosure  (5). 

(2)  Much  of  the  maritime  industry  utilizes  a  highly  mobile  labor 
force  of  which  individual  personnel  work  a  vessel  or  rig  for  a 
limited  period  and  then  move  on  to  another  unit.  Consequently, 
it  is  often  impractical  for  operators  of  these  units  to 
individually  implement  portions  of  hearing  conservation  programs 
involving  audioraetric  testing  and  recordkeeping.  In  such  cases 
it  is  recommended  that  a  program  of  audiometric  testing  be 
coordinated  on  a  group  basis  between  the  owner/operators  and  the. 
employees. 

Responsibilities . 

(1)  The  owner /operator  of  a  unit  should  be  responsible  for  ensuring 
that  means  for  noise  reduction  and  control  are  applied  and 
maintained  according  to  the  recommendations  of  this  Circular. 
Particular  attention  should  be  paid  to  insuring  that  the  unit's 
officers  are  informed  of  the  provisions  of  the  unit's  noise 
control  program  and  the  need  for  instructing  crewmembers  as 
provided  In  paragraph  f,  and  to  insuring  that  hearing  protectors 
are  provided  and  maintained. 

(2)  Crewmembers  should  be  responsible  for  complying  with  the  unit's 
noise  control  program,  as  instructed,  paying  particular 
attention  to  wearing  provided  hearing  protectors  in  the  proper 
manner  while  working  in  the  prescribed  locations. 


Chief,  Office  of  Merchant  Marias  Safety 
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NON-STANDARD  DISTRIBUTION: 


Baltimore  (75);  San  Francisco,  Mobile,  Pittsburgh,  Providence,  Boston, 
Norfolk  (50);  Galveston  (30);  Cleveland,  Portland  OR,  Sturgeon  Bay  (25); 
San  Diego,  Savannah,  Buffalo,  Corpus  Christ!  (20);  Tampa,  Valdes, 
Milwaukee,  Louisville,  Detroit,  Toledo,  Nashville,  Anchorage  (15); 
Portland  ME,  Duluth,  Charleston,  Huntington,  Minneapolis-St .  Paul 
(Dubuque),  San  Juan,  Miami  (10);  Juneau,  Cincinnati,  Memphis,  Wilmington, 
Paducah,  (5)  extra 

New  Orleans  (250);  New  York  (200);  Seattle  (100);  Houston  (50);  Terminal 

Is  (LA-LB),  Philadelphia  (40)  extra 

New  London,  Houma  (30);  Ludlngton  (8)  extra. 

Ketchikan,  Kenai,  Kodiak,  Lake  Charles  (5)  extra 
List  CG-12;  ZTC-68 
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DEFINITIONS 


1.  A-weighted  sound  pressure  ltvsl  or  nolss  lsvsl:  Ths  quint lty  measured  by 
s  sound  level  aster  In  which  ths  frequency  response  Is  weighted  according  to 
the  A-welghtlng  curve,  is  per  ANSI  SI. 4-1971.  The  A-velghtlng  vslues  for 
Octave  tends  31.5  to  8000  Hz  are  is  follows: 

Frequency  (Hz)  31.5  l  63  1  125  I  250  |  500  |  IX  1  2K  ;  4K  |  8K 

A-Weightlng  (dS)  ^39  |  -26  I  -16  1-81-3  |  0  |  +1  1+1  I  -1 

2.  Hearing  protector:  A  device  worn  to  reduce  the  level  of  noise  heird  by 

the  wearer;  hearing  protective  device  (HPD). 

3.  Effective  Exposure  Level,  L#jf(24):  The  constant  sound  level  that 

produces  the  sane  noise  exposure  as  the  actual  time-varying  noise  over  a 
26-hour  period  within  the  prescribed  sound  level  Units.  L,ff  Is  based  on  a 

5  dB  exchange  rate  which  attunes  that  personnel  exposures  at  high  noise  levels 
are  internlttent .  In  calculating  this  level  all  noise  lest  than  80  dfi(A)  nay 
be  disregarded. 

a.  The  Effective  Exposure  Level,  measured  from  continuous  A-weighted 
sound  pressure  signals.  Is  defined  as  follows  (Note:  This  formula 
Is  nalnly  for  use  of  equipment  manufacturers.): 


)  log 

log  2 


T  6  log  2  *] 

i  1  [y?]  “J 


where : 


tine-varying  A-veighted  sound  pressure,  N/m- 
refer.ence  sound  pressure,  2x10“^  N/m* 
tlnc,  In  hours 

total  time  Interval,  26-hours 
logarithm  to  the  base  10 


For  practical  purposes,  the  Effective  Exposure  Level  can  be 
calculated  by  the  following  approximate  formula: 


to 

tff  -  16.61  log  1  JL 

\J  1-1 


lxi/16.61 

10 


where:  Lxj  -  A-welghted  sound  level  during  the  I*11  time 
Interval,  ^tj 

£tj  •  1th  tine  interval,  in  hours 
?  ■  -P  -  total  time  interval,  26-hours 

r-i 

4.  Exchange  rata:  The  amount  of  dee'eate  in  noise  level  which  would  allow 
doubling  of  the  exposure  tine. 
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5.  looulse  noise:  Noise  of  less  chan  1  second’s  duration  which  occurs  as  an 
isolated  event,  or  as  one  of  a  series  of  events  with  a  repetition  rate  of  less 
than  15  times  per  second. 

6.  Integrating  sound  level  meter:  A  sound  level  meter  designed  or  adapted  to 
measure  the  level  of  the  time-averaged  A-veighted  sound  pressure.  It  is  used 
when  sound  level  fluctuations  are  too  large  or  erratic  to  permit  accurate 
readings  with  a  standard  sound  level  meter. 

7.  Intermittent  noise  exposure:  A  daily  personnel  noise  exposure  during 
which  the  normally  encountered  noise  exposure  is  interspersed  with  periods  in 
low  level  noise,  i.e.  belov  SO  dB(A),  which  are  conducive  to  auditory  rest. 
(Paragraph  4.d.2  of  the  main  text  discourages  the  exposure  of  personnel  not 
wearing  hearing  protection  to  noise  levels  over  105  dB(A).  If  such  exposures 
are  unavoidable,  under  the  principle  of  intermittent  exposure  the  individual 
exposure  duration  should  not  exceed  the  times  listed  below: 


Noise  level  ( dB( A) ) 

106 

107 

108  ,  109  110 

111  112  |  113 

114 

115 

Time  (rain . ) 

7.4 

6 . 5 

5.7  I  4.9  4.3 

3.7  3.2  1  2.8 

2.5 

2.1 

3.  New  unit :  A  unit  contracted  for  on  or  after  1  January  1986. 

9.  Noise :  For  the  purposes  of  this  Circular,  all  unwanted  sound. 

10.  Noise  dosimeter:  A  personal  sampling  device  which  automatically  measures 
the  wearers  cumulative  noise  exposure  over  a  prescribed  period  of  time. 

11.  Noise  level:  See  A-weighted  sound  pressure  level. 

12.  Sound :  Energy  that  is  transmitted  by  pressure  waves  in  air  or  other 
materials  and  is  the  objective  cause  of  the  sensation  of  hearing. 

13.  Sound  pressure  level:  The  level  of  sound  pressure,  L,  measured  on  a 
logarithmic  scale  and  given  by  the  formula: 

L  «  20  log (p)  .dB 
(P0> 

where:  p  rms  value  of  measured  sound  pressure 
p0  »  2  x  10~^  N/ m ^  (the  reference  level) 

14.  Steady  noise:  A  sound  where  the  level  fluctuates  through  a  total  range 
of  less  than  5  dB(A)  as  measured  on  the  "slow"  response  of  a  sound  level  meter 
in  one  minute. 

15.  Vessel :  includes  every  description  of  watercraft  vised,  or  capable  of 
being  used,  as  a  means  of  transportation  on  water. 
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DETERMINING  THE  EFFECTIVE  EXPOSURE  LEVEL  (EXAMPLES) 

1.  Leff{24)  can  be  determined  through  direct  readout  from  personnel 
noise  dosimeters  or  through  manual  calculation,  comparing  measured  noise 
levels  against  time-motion  profiles  of  the  crewmember,  or  by  combining  the  two 
methods.  Since  exposure  levels  normally  vary  from  day-to-day,  It  will  be 
necessary  to  measure  several  days  of  exposures  to  determine  the  maximum 
exposure  levels  unless  background  data  such  as  from  an  identical  sister-ship 
is  available  and  is  proven  to  duplicate  that  vessel's  noise  conditions.  This 
would  apply  both  to  the  use  of  dosimeters  and  to  time-motion  profiling. 

2.  Dosimetry  is  normally  the  easier  method  of  determining  exposure 
levels,  particularly  in  jobs  where  personnel  visit  various  locations  of 
differing  noise  levels  on  an  unscheduled  basis.  Commercial  noise  dosimeters 
vary  in  the  descriptions  and  criteria  which  they  are  programmed  to  measure  and 
only  those  programmed  to  perform  the  Ltff  measurement  (i.e.  82  dB(A) 
criterion  level,  80  dB(A)  threshold  level,  SdB  exchange  rate)  should  be 
utilized  for  this  determination.  However,  since  this  criteria  is  similar  to 
the  OSHA  hearing  conservation  criteria,  except  for  the  longer  evaluation 
period,  proper  dosimeters  should  be  readily  available.  This  equipment  can 
also  be  rented  which  may  be  more  cost  effective  for  some  companies. 

3.  Examples  of  performing  the  Leff  calculation  are  as  follows: 

Example  1:  The  l>eff(24)  limit  of  82  dB(A)  was  determined  by 
calculating  the  exposure  level  resulting  from  the  combination  of  an  8-hour 
exposure  of  90  dB(A),  OSHA's  current  standard,  and  16  hours  at  leas  than  80 
dB(A)  (which  is  disregarded  because  it  is  below  the  threshold  level).  Using 
the  equation  in  enclosure  (1),  this  is  repeated  as  follows: 

f  LA1/16.61 

Leff  “  16.61  log  1.  £  io  &ti 

L  T  i-1 

L@ff<24)  -  16.61  log  [1/24  ( ( 1090/l6 ' 61x  8)  +  (0  x  16))] 

Leff(24)  -  82  dB(A) 


Example  2:  A  noise  survey  is  conducted  on  a  25,000  dwt  ateam 
vessel.  The  results  indicate  high  noise  levels  in  several  machinery  spaces 
and  a  noise  level  of  78  dB(A)  on  the  mess  deck. 

Further  anelyaia  is  performed  to  determine  the  actual  exposures  of  the  crew. 

An  overview  reveals  that  only  engineering  personnel  are  sufficiently  exposed 
to  high  noise  to  be  in  danger  of  overexposure,  so  the  analysis  is  limited  to 
this  group.  At  this  point  the  noise  consultant  must  decide  whether  to  measure 
exposures  using  (a)  personal  noise  dosimeters  or  (b)  time  motion  study. 
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The  consultant  decides  to  measure  the  exposures  by  performing  a  time 
motion  study  while  the  vessel  is  on  a  10-day  trip.  He  profiles  the  various 
routines  of  the  affected  personnel  and  relates  the  respective  noise  levels* 
An  example  of  the  incremental  exposures  determined  over  a  24-hour  period  for 
the  First  Assistant  Engineer  are  tabulated  as  follows: 


1  hr.  9  95  dB(A)  5  hrs.  9  93  dB(A)  2  hrs*  9  88  dB( A) 

2  hrs.  9  85  dB(A)  12  hrs.  9  less  than  80  dB( A) 


The  effective  exposure  level  resulting  from  these  Incremental  exposures  is 
computed  from  the  formula  in  enclosure  (1)  as  follows: 


Leff  ■  16.61  log 


LA1/16.61 

I  £  10  AC1 

T  i-l 


Leff(24)  -  16.61  log  [l/24((1095/16,6lx  1)  +  ( 1093/16 *61x  5)  + 

(1088/16‘61x  2)  +  (1085/16-61x  2)  +  0)| 


Leff(24)  -  85  dB( A) 

The  analysis  indicates  that  the  exposures  of  most  of  the  engineroom  personnel 
are,  like  the  First  Assistant,  in  the  vicinity  of  85  to  89  dB(A),  exceeding 
the  82  d3(A)  recommended  limit. 


(Note:  The  analysis  of  exposure  levels  described  above  could  also  have  been 
accomplished  using  personal  noise  dosimeters,  probably  with  much  less  effort. 

A  problem  sometimes  experienced  with  dosimeters  is  in  obtaining  the 
cooperation  of  the  crew,  some  of  whom  may  be  reluctant  to  wear  the  device  or 
may  want  to  bias  the  readings.  However,  if  this  can  be  resolved  (many  experts 
do  not  find  this  to  he  a  problem),  dosimeters  offer  a  more  accurate  and  less 
tine  consuming  method  of  determining  exposure  levels.) 

The  consultant  presents  three  options  for  resolving  the  overexposures,  listed 
as  follows: 

Option  l:  Require  personnel  to  wear  hearing  protection  in  all  machinery 
spaces  where  noise  levels  exceed  90dB(A). 

Option  2:  Construct  a  sound-proof  booth  around  the  operator's  station  in 
the  engineroom. 

Option  3:  Apply  engineering  controls  at  several  key  noise  emicting 
sources  in  the  engineroom. 


The  owners  decide  to  implement  Option  1.  The  recommendations  of  this  Circular 
for  warning  notices,  crew  instruction  and  hearing  conservation  program  are 
Instituted.  The  crew  is  offered  three  models  of  heari-ur  protectors  to  choose 
from.  A  system  if  audiometric  testing  and  recordkeeping  is  developed. 

Finally,  the  consultant  also  designs  a  treatment  for  reducing  the  mess  deck 
noise  level  to  68  d8(A)  which  is  subsequently  installed. 


■> 
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Example  3s  Using  dosimetry  to  evaluate  on  watch  exposure  and  doing 
tin*  motion  study  to  profile  ths  remaining  16-hours  off  watch,  anothar 
crewmember's  axposura  is  dataralnad  as  follows: 

on  watch:  L#ff  (8  hours)  ■  85  dB(A) 
off  watch:  2  hrs  9  81  dB(A) 

14  hrs  9  lass  than  80  dB(A)  (disragard) 

Laff(24)  ’  16,61  l0g  t1/2A<<loB5/16'6lx  +  U06l/l6*61x  2)  +  0)1 

L#ff(24)  -  78  dB(A) 


(Note:  Computing  work  shift  axposuras  of  parsonnal  by  tlaa/aotlon  survey  is 

normally  more  complex  than  indicated  in  the  above  examples  as  noise 
levels  will  vary  considerably.) 

i 
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*•  Equipment ■ 

a.  Use  cf  th«  ’c l lowing  *  q  .1  ra»  t  :§  recoasseidef  *ruod  level 
meter,  p«r»o«al  net**  do»it«t«r,  eetav*  naif  a*-*i>;«r.  integrating  sound  level 
meter  vlti  p«*k  an.-*  ui.lS4  held  capacity.  and  «:c4i*.t:  calibrator. 

b-  Sound  l*v»i  attar*  should  meet  t  n«  7vp«  II  requirement*  of  the 
AKbl  Spec  1 1  icat  lor.  for  Sound  Level  Hater*.  Sl-'-l^’l  (lll’t).  for  critical 
atiiurtKOii  W-ich  deter*  ;ne  coapllaoce  with  recommended  a  Type  1 

precision  sour>c  i* ve'.  %*t«r  snou.c  be  used. 

c-  Fersnn**  roue  doi'.sce:'  shcu.c  -ee:  tow  Cl»»*  7a  requirement* 
of  tho  ANSI  Specification  tot  Personal  Solve  0.-  *  is*  t  -r  * .  $’..3f*19*B.  The 
dosimeter  should  measure  Le«  .  viillitin..  the  criteria  specified  In  Definition 
3  1*.  enc  l o v  •*  il  . 

d.  Other  measuring  equipment  should  neet  appropriate  national  or 
International  standards. 

e.  Only  equipment  certified  intrinsically  safe  should  be  used  in 
areas  where  flammable  gas/air  mixtures  &a  »•  be  present. 

2 .  Measurement . 

a.  Ail  physical  measurements  should  be  made  following  the 
applicable  procedures  of  ANSI  SI. 13-1971  (R1976),  Methods  for  Measurement  of 
Sound  Pressure  Levels,  and  ANSI  SI. 2-1962  (R1976),  Method  for  the  Physical 
Measurement  of  Sound,  and  accepted  practice.  Use  of  ISO  Standard 

2923— 1975(E) ,  "Acoustics-Measurement  for  Noise  On  Board  Vessels"  is  also 
suggested . 

b.  Noise  measurement  equipment  should  be  calibrated  inlcally,  at 
subsequent  intervals  of  approximately  four  hours,  at  the  end  of  tests  and  at 
any  other  time  when  tests  are  interrupted  due  to  battery  replacement,  etc. 

c.  Noise  measurements  should  be  taken  in  decibels  using  an 
A-weightlng  filter  (dB(A)).  The  meter  should  be  set  to  "slow"  response  and 
the  readings  made  only  to  the  nearest  decibel.  A  measuring  time  of  at  least  5 
seconds  should  be  allowed.  If  a  meter  fluctuates  in  level  within  a  range  of 

3  dB  maximum  to  minimum,  an  estimate  of  the  level  may  be  made  by  averaging  the 
excursions  of  the  needle  with  the  eye.  It  Is  suggested  that  C-weighted  levels 
also  be  taken.  Furthermore,  to  facilitate  analysis  of  noise  in  certain  areas 
where  engineering  controls  may  be  applied,  measurement  of  noise  by  octave  band 
levels  should  be  considered.  A  form  found  convenient  for  recording  the  noise 
data  is  attached.  A  wind  screen  on  the  microphone  should  be  used  in  locations 
where  air  motion  is  noticeable,  such  as  bridge  wings,  lookout  positions,  and 
near  fans  and  ventilators. 
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d.  Measurements  of  Intermittent  and  transient  sources,  such  as 
ship's  horn  or  whistle  at  bridge  and  lookout  locations  are  best  made  with 
meters  with  "maximum-hold"  and  "peak-hold"  capability.  Certain  machinery, 
such  as  steering  motors,  etc.  may  also  need  measurements  of  this  type. 


e.  Measurement  of  exposure  levels  at  manned  and  Intermittently 
manned  locations  is  most  convenient  wich  an  integrating  sound  level  meter. 

This  instrument  may  be  used  In  two  ways:  (1)  at  locations  where  the  sound 
level  fluctuates,  perhaps  due  to  a  cyclic  operation  of  a  machinery  item,  and 
the  meter  is  used  to  measure  the  average  sound  level.  For  this  the  meter  is 
operated  at  a  fixed  location  for  a  period  of  at  least  one  full  cycle  of  the 
machine;  (2)  to  assess  the  average  level  over  a  space  such  as  that  transited 
by  an  oiler  on  his  rounds,  the  meter  Is  operated  while  It  is  carried  over  the 
actual  path  and  at  an  equivalent  rate  of  the  oiler,  and  the  average  sound 
level  la  read  at  the  completion  of  the  path.  If  an  integrating  sound  level 
meter  is  not  available,  the  average  sound  level  may  be  calculated  by  averaging 
the  set  of  sound  level  measurements  on  a  pressure  squared  basl9. 

3.  Survey . 


When  evaluating  noise  exposures,  all  operating  conditions  underway  and  in 
port  should  be  considered.  For  standardization  however,  a  noise  survey  should 
normally  be  conducted  under  the  following  conditions: 


a.  Measurements  underway  should  be  taken  with  ship  in  the  loaded  or 
ballast  condition,  operating  at  normal  design  service  speed  and  with  all 
auxiliary  machinery  and  electrical  equipment  which  Is  normally  in  use  in 
operation.  Particulars  of  machinery  in  operation  should  be  noted. 

b.  Noise  level  measurements  in  spaces  containing  emergency  diesel 
engine-driven  generators,  fire  pumps  or  other  emergency  equipment  chat  would 
normally  be  run  only  in  emergency,  or  for  test  purposes,  should  be  taken  with 
the  equipment  operating.  Adjoining  spaces  need  not  be  measured  with  such 
equipment  operating,  however,  unless  it  is  likely  that  the  equipment  will  be 
operated  for  periods  other  than  those  mentioned  above. 


c.  Measurements  in  port  should  be  taken  with  the  ship's  cargo 
handling  equipment  in  operation,  in  those  areas  and  accommodation  spaces 
affected  by  their  operation. 

d.  Measurements  should  be  made  at  the  principal  working  and  control 
stations  of  crewmembers  in  the  machinery  spaces  and  in  the  adjacent  control 
rooms,  if  any,  with  special  attention  being  paid  to  telephone  locations  and  to 
positions  where  voice  communication  and  audible  signals  are  Important. 
Measurements  should  be  taken  in  all  workshops,  at  points  on  all  normally  used 
access  routes  and  at  all  other  locations  which  would  normally  be  visited 
during  routine  inspection,  adjustment  and  maintenance. 

e.  In  addition  to  the  spaces  referenced  above,  noise  levels  should 
be  measured  in  all  areas  where  work  is  carried  out  and  in  all  locations  with 
high  noise  levels  where  crewmembers  may  be  exposed,  ever,  for  relatively  short 
periods.  Noise  levels  need  not  be  measured  for  normally  unoccupied  spaces, 
holds,  deck  areas  and  other  spaces  which  are  remote  from  noise  and  where  a 
preliminary  survey  show?  that  noise  levels  are  below  70dB(A). 


2 


Vessel  Name: 


Built  by: 


Dimensions 
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SAMPLE  NOISE  SURVEY  FORM 


Hull  No. 
Owner: 

Year  Built : 


Length:  Breadth: 

Maximum  draft  (summer  load  line): 


Depth: 


Gross  Tonnage: 


Machinery 
Engines  - 


Type : 
number : 


manuf  acturer : 

Normal  design  service  shaft  speed: 


Generators  -  Type: 

number : 

Main  reduction  gear: 
Type  of  propeller: 
Auxiliary  engines: 
Other  machinery  notes: 


Output : 


manufacturer ; 


number  of  Propellers: 


Conditions  During  Measurement 


Vessel's  proximate  position: 

Draft  forward:  Draft  aft: 

Weather  -  Wind  speed:  Seas: 

Vessel's  direction  in  relation  to  seas: 
Vessel's  speed:  Shaft  speed: 

Propeller  pitch: 

Summary  of  machinery  status:  _ 


Type  of  voyage: 
Depth  of  water: 


r.p.m. 
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HEARING  PROTECTIVE  DEVICES 

1.  Hearing  protective  devices  (HPD's)  must  be  effective  In  providing  the 
necessary  protection  and  be  acceptable  to  the  individual.  Selection,  fit  and 
instruction  in  proper  use  are  critical  to  effective  performance-  HPD's  come 
In  three  basic  types,  i.e.  ear  muffs,  ear  plugs  and  canal  caps  (partial 
Inserts);  sometimes,  for  protection  In  particularly  high  noise  levels,  muffs 
and  plugs  will  be  worn  together.  HPD's  should  be  carefully  chosen  from  the 
hundreds  of  models  now  available.  It  should  be  noted  that  HPD's  often  differ 
In  effectiveness  at  different  frequencies  whereby  one  device  may  be  especially 
effective  in  high  frequency  noise,  another  In  mid-frequency  and  another  In  low 
f  requenc y . 


?.  For  many  reasons,  the  HPD  attenuation  (reduction  of  noise  to  the  ear) 
realized  In  actual  field  use  may  be  substantially  less  than  the  attenuation 
listed  by  the  HPD  manufacturer.  Manufacturers  ratings  are  computed  in  a 
controlled,  supervised,  laboratory  situation,  using  motivated  test  subjects 
anJ  tor  a  short  specific  time  period.  However,  In  actual  use,  wearers  of 
HPD's  are  not  often  as  well  Instructed  or  motivated  to  obtain  such  good 
results.  Unless  a  crewmember  is  completely  motivated,  through  training  and 
supervision,  to  wear  the  device  properly,  actual  attenuations  will  not  often 
attain  to  manufacturers'  ratings.  An  evaluation  of  HPD  attenuation, 
therefore,  must  consider  tuo  factors:  (1)  calculation  of  attenuation  based  on 
the  manufacturer's  attenuation  data;  and  (2)  adjustment  of  this  calculation  to 
coraoensace  for  real  world  use. 


3.  Several  methods  of  calculating  the  actual  noise  level  under  an  HPD 
have  been  suggested  by  various  sources.  The  National  Institute  for 
Occupational  Safety  and  Health  (NIOSH)  lists  three  methods  which  are  detailed 
In  the  NIOSH  publication  "List  of  Personal  Hearing  Protectors  and  Attenuation 
Data"  (enclosure  (q),  ref.  12).  Essentially,  however,  there  are  two  common 
methods  tor  this  calculation.  The  preferred  method  Is  the  one  which  looks  at 
tne  frequency  spectrum  of  the  noise  (by  octave  band)  and  applies  the 
corresponding  actenuacion  at  that  frequency  for  the  HPD.  This  can  be  termed 
the  "long  method",  o-  NIOSH  method  <>1  in  the  above  reference  12.  A  rougher 
method,  which  is  based  on  several  general  assumptions  which  can  allow  an  error 
of  as  much  as  ±8  dB  depending  on  the  frequency  breakdown  of  the  noise,  is 
based  on  the  single-number  Noise  Reduction  Rating  (NRR)  which  is  provided  with 
each  device.  Although  the  NRR  can  be  useful  as  a  quick  method  of  evaluating 
an  HPD,  the  best  professional  method  of  evaluating  HPD  attenuation  is  Che 
"long  method."  These  two  methods  of  calculation  are  described  as  follows: 

a.  "Long  method"  (NIOSH  Method  Pi)  calculation:  After  correcting 
the  sound  level  at  each  octave  band  from  125  to  8000  Hz  for  "A"-ueightl ng  (see 
Definition  Pi),  subtract  the  HPD's  listed  attentuatlon  at  that  frequency  band 
and  add  2  times  the  HPD's  listed  standard  deviation.  These  resultanc  levels 
are  summed  logarithmically  to  yield  the  calculated  A-weighced  noise  level 
under  the  HPD. 
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b.  NRR  Calculation:  Very  simply,  the  NRR  i*  subtracted  from  the 
actual  nolae  level,  measured  on  the  C-weighted  scale,  to  ylsld  the  estimated 
A-welghted  noise  level  under  the  HPD*  (Note:  If  only  the  actual  A-welghted 
noise  level  Is  Known,  the  NRR  may  still  be  applied  by  adding  an  estimate  of 
the  C-A  difference,  normally  approximately  5  dB,  to  the  A-welghted  level  and 
then  subtracting  the  NRR.) 

4.  Adjusting  the  calculated  HPD  noise  reducdon  to  compensate  for  real 
world  uae  is  a  controversial  Issue  since  the  HPD  effectiveness  Is  directly 
related  to  the  motivation  and  understanding  of  the  employee*  The  Coast  Guard 
recommends  that  In  normal  circumstances,  where  employees  are  instructed  in  the 
Importance  and  use  of  HPD's,  a  correction  factor  of  5  dB  lest  than 
manufacturers  stated  attenuation  should  be  applied*  If  it  Is  not  desirable  to 
apply  this  safety  factor,  the  owner  should  Insure  thst  the  sudlometric  test 
program  is  strengthened  to  detect  Ineffective  HPD  performance. 

5*  As  we  address  the  problem  of  HPD's  not  achieving  desired  results,  we 
must  hastily  add  that  this  problem  is  not  automatically  corrected  simply  by 
getting  the  best  attenuating  devices  available.  Overprotecting  workers  may 
present  problems  just  as  serious  as  underprctecting.  When  HPD's  attenuate 
more  noise  than  necessary,  they  also  filter  out  wanted  sound  such  ss  thst  from 
conversstlon,  audible  signals  and  alarms,  and  operating  machinery.  In  order 
to  hear  these  sounds,  workers  will  often  deliberately  misfit  or  tamper  with 
their  HPD’s.  If  they  do  not,  they  may  miss  important  communications  and 
signals,  endangering  the  vessel  or  operation.  This  is  why  It  Is  Important  to 
select  the  HPD  which  protects  mainly  at  the  frequency  levels  necessitated  by 
the  particular  noise  encountered  and  then  train  and  motivate  the  personnel  to 
properly  wear  the  devices  to  attain  the  calcuiatsd  attenuation. 

6.  Once  HPD' s  are  properly  selected  end  issued,  cere  must  be  taken  to 
maintain  them.  Manufacturers '  Instructions  concerning  sanitation,  maintenance 
and  replacemant  should  be  followed.  For  exesple,  cushions  on  ear  muffs  often 
harden  end  creek  after  a  few  months  uss,  reducing  the  effectiveness  of  the 
muff,  and  muse  be  replaced. 
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HEARING  CONSERVATION  PROCRAM 


1.  A  Hearing  Conservation  Program  should  b«  designed  to  prevent  hearing 
damage  to  crewmembers  and  to  detect  and  treat,  at  an  early  stage,  those 
persons  who  are  beginning  to  experience  a  loss  In  hearing  acuity  due  to 
workplace  noise*  Some  basic  elements  of  a  Hearing  Conservation  Program  are  as 
follows : 


a.  A  well-designed  plan  for  controlling  the  noise  exposures  of 
crewmembers  through  administrative  controls  and  hearing  protective  devices 
(HPD's). 


b.  Instruction  of  exposed  persons  on  the  hazards  of  high  noise 
exposure,  the  design  and  goals  of  the  unit's  Hearing  Conservation  Program,  and 
the  proper  use  of  hearing  protective  devices. 

c.  Initial  and  periodic  audiomatric  tests  administered  by  a  trained 
and  appropriately  qualified  person  and  reviewed  according  to  accepted  practice. 

d.  Maintenance  of  eudlometrlc  test  records. 

e.  Follow-up  analysis  of  records  to  detect  Individuals  Incurring  a 
significant  shift  In  hearing  acuity  and  subsequent  action  to  prevent  further 
hearing  damage  to  those  Individuals. 

2.  As  Important  as  the  design  of  a  Hearing  Conservation  Program  Is,  a 
factor  just  as  critical  Is  the  effort  spent  on  convincing  the  affected 
personnel  of  the  reasons  behind  the  program  and  the  purpose  of  the  procedures 
chosen.  The  pivotal  characteristics  of  a  successful  Hearing  Conservation 
Program  can  be  broken  down  as  follows: 

*  education 

*  motivation 

*  comfortable  and  effective  HPD's 

’  support  by  all  levels  of  supervision 

*  enforcement 

■  feed-back 

When  a  hearing  Conservation  Program  Is  well  designed  and  Implemented,  the 
proper  use  of  HPD's  can  become  quickly  established  and  accepted  by  the  crew. 
Popular  misconceptions  concerning  noise  and  HPD's  can  be  dissolved  through  an 
effective  educational  program.  Many  short  films  are  available  which  are 
useful  In  highlighting  the  pertinent  topics  and  maintaining  the  Interest  of 
personnel  (enclosure  (9),  ref.  13). 


NOISE  LIMITS  RECOMMENDED  BY  IMP 
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(Reference  paragraph  4.C.2  of  main  text.''  The  following  are  noiae  level 
llalta  recommended  by  the  International  Mariti'^  O-ganitetion  (IMO)  in  ita 
"Code  On  Noiee  Level*  On  Board  Ships"  (Encloaure  (9),  ref.  2)  for  new  vessels 
over  1600  gross  tons. 


1  Work  Spaces  dB(A) 


.1  Machinery  spaces  (continuously  manned) 

90* 

.2  Machinery  spaces  (not  continuously  manned) 

110 

.3  Machinery  control  rooms 

73 

.4  Workshops 

85 

.5  Non-specif led  work  spaces 

90* 

2 

Navigation  spaces 

dB(A) 

.1  Navigating  bridge  and  chart room* 

65 

.2  Listening  post,  including  navigating  bridge 
wings  and  windows 

70 

.3  Radio  rooma  (with  radio  equipment  operating 
but  not  producing  audio  signals) 

60 

•  *4  <Uu«r  rocs# 

65 

3 

Accommodation  spaces 

dB(A) 

.1  Cabins  and  hospitals 

60 

.2  Mess  rooms 

65 

.3  Recreation  rooms 

65 

.4  Open  recreation  areas 

75 

.5  Office* 

65 

4 

Service  spaces 

■1  Galleys,  without  food  processing 
equipment  operating 

75 

.2  Serverles  and  pantries 

75 

5 

Normally  unoccupied  spaces 

dB(A) 

Spaces  not  specified 

90* 

*  Coast  Guard  Note:  Reduction  to  this  level  will  not  automat icslly 
preclude  need  for  hearing  protective  device*. 
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1 .  General 

a.  Reducing  shipboard  nolle  levels  Is  a  complex  endeavor  which  requires 
careful  consideration*  This  enclosure  presents  s  short  discussion  of  the  many 
practices  which  are  coanonly  used  today. 

b.  Design  and  construction  of  noise  control  Measures  should  be  supervised  by 
persons  skilled  in  noise  control  techniques.  The  references  listed  in 
enclosure  (9)  also,  offer  a  wealth  of  expertise  on  the  subject.  Attention  la 
drawn  in  particular  to  reference  3,  the  SNAKE  Design  Culde  for  Shipboard 
Airborne  Noise  Control. 

c •  Some  of  the  measures  which  can  be  taken  to  control  noise  levels  or  reduce 
the  exposure  of  crewmeobers  to  potentially  harmful  noise  ere  Indicated  In 
paragraphs  2  through  10  of  this  enclosure.  It  is  eaphaslsed  that  It  will  not 
be  necessary  to  implement  ell  or  any  of  the  Measures  recommended  In  this 
enclosure  on  all  ships.  The  enclosure  doss  not  provide  detailed  technical 
Information  needed  for  putting  constructional  noise  coatr-,1  Measures  into 
effect,  or  for  deciding  which  measures  ere  appropriate  In  particular 
circumstances. 


j .  In  applying  noise  control  ssssurss,  cars  should  be  taken  to  ensure  that 
rules  end  regulations  concerning  ship  structure,  accommodation  and  other 
safety  matters  are  not  Infringed  and  that  the  uee  of  sound  reduction  Materials 
does  not  Introduce  fire  or  health  hazards. 


e.  The  need  for  noise  control  should  be  taken  Into  account  In  the  design 
stage  of  a  unit,  whin  deciding  which  of  different  designs  of  structures, 
engines  and  machinery  are  to  be  installed,  the  method  of  installation,  the 
siting  of  machinery  In  ralatlon  to  other  spaces,  snd  ths  acoustical  Insulation 
and  siting  of  the  accommodation  spaces. 


f.  Due  to  the  normal  methods  of  ship  construction,  it  Is  most  probable  that 
noise  originating  from  machinery  snd  propellers  reaching  the  accommodation  snd 
other  spaces  outside  ths  machinery  spaces  will  be  of  the  structure-borne  type. 

g.  When  designing  efficient  snd  economical  measures  for  controlling  noise 
from  machinery  Installations  In  existing  ships,  ths  A^relghted  noise 
measurements  must  normally  be  supplemented  by  some  form  of  frequency  analysis. 


2.  Isolation  of  Sources  of  Noise 


a.  Where  practicable,  any  anginas  or  machinery  producing  excessive  noise 
levels  should  be  installed  in  compartments  which  do  not  require  continuous 
attendance. 

b>  Accommodations  should  be  sited  both  horizontally  end  vertically  as  far 
away  as  la  practicable  from  sources  of  notes  such  as  propellers  and  propulsion 
machinery. 
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c.  Machinery  casings  should,  where  practicable,  be  arranged  outside 
superstructures  and  deck  houaet  containing  accommodation  tpacea.  Where  thlt 
Is  not  feasible,  passageways  should  be  arranged  between  the  caalnga  and 
accomodation  spaces,  If  practicable. 

d-  Consideration  should  be  given,  where  practicable,  to  the  placing  of 
accomodation  spaces  In  deck  houses  not  in  super  structures  extending  to  the 
ship's  side. 

e.  Consideration  may  also  be  given  where  applicable  to  the  separation  of 
accomodation  spaces  from  machinery  spaces  by  unoccupied  spaces,  sanitary  and 
washing  rooms. 

f.  Suitable  partitions,  bulkheads,  decks,  etc.  may  be  needed  to  prevent  the 
spread  of  sound.  It  is  important  that  these  be  of  the  correct  construction 
and  location  In  relation  to  the  source  of  sound  and  the  frequency  of  the  sound 
to  be  attenuated. 

g.  Sound  absorbing  material  la  useful  In  preventing  the  Increase  of  noise 
level  due  to  reflection  from  partltlona,  bulkheads,  decks,  etc. 

3.  Exhaust  and  Intake  Silencing 

a.  Air  intake  systems  to  machinery  spaces,  accommodation  spaces  and  other 
spaces  and  exhaust  systems  from  internal  combustion  engines  should  be  arranged 
so  that  the  Inflow  or  discharge  orifices  art  remote  from  places  which  a*-e 
normally  frequented  by  crewmembers. 

b.  Silencers  and  attenuators  often  provide  effective  noise  reduction.  Lining 
of  ventilation  ducts  at  strategic  locations  with  sound  absorbing  material 
(with  due  regard  to  structural  fire  protection  standards)  can  also  be 
extremely  effective* 

c»  To  minimlte  noise  levels  In  accommodations,  it  is  normally  necessary  to 
Isolate  exhaust  systems  and  certain  pipework  and  ductwork  from  bulkheads, 
casings,  etc. 

A.  Machinery  Controls 

a.  In  continuously  manned  spaces  or  spaces  where  crewmembers  might  reasonably 
be  expected  co  spend  lengthy  porlods  of  time  on  maintenance  or  overhaul  work, 
consideration  may  have  to  be  given  to  the  fitting  of  sound  insulting 
enclosures  or  partial  enclosures  to  engines  or  machinery  producing  excessive 
sound  levels.  When  sound  Insulating  enclosures  are  fitted,  it  is  important 
that  they  entirely  enclose  the  noise  source. 
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b.  Although  it  may  mcd  that  noise  In  high  noise  trees  such  es  englneerooos 
and  machlnary  spaces  eolnates  from  a  vague  multitude  of  noise  contributing 
sourctb,  It  has  been  found  that  most  of  this  noise  Is  usually  traceable  to  a 
few  specific  coaponents  on  certain  tyateae  or  machinery.  These  components  can 
usually  be  traced  systematically  and  then  economically  treated,  eubitant lal ly 
reducing  englneroom  noise  levels,  often  to  levels  where  hearing  protectors 
would  not  he  necessary-  A  partial  list  of  those  major  noise  elements  sre  as 
follows: 


Steam  Turbine  Plants 

Cear  boxes 

M-C  sets 

Valves 

Boiler  fans 

Hydraulic  systems 

Ventilation  system  fans 

Turbines 

Couplers  (high  speed  only) 


Diesel  Plants 
M-C  sets 
Cear  boxes 
Hydraulic  systems 
Ventilation  system  fans 
Engine  components 

-  Turbo  chargers 

-  Vslve  covers 

-  Inspection  pistes 

-  Exhaust  system 

-  Expansion  Joints 

-  Intake  system 


5.  Reduction  of  Noise  in  the  Aft  Body 

To  reduce  the  nolee  Influence  in  the  aft  part  of  the  "easel,  especially  In 
the  accommodation  spaces,  consideration  say  be  given  to  the  various 
noise /vibration  coi  crlbutlons  of  propeller,  shaft,  wave  action,  etc.  during 
the  procedures  of  designing  the  eft  body,  propeller,  etc. 

6.  F.ncloaura  of  the  Operator 

In  skany  machinery  spaces  It  may  ba  desirable  to  protect  operating  or 
watchkeeping  Deraonnal  by  providing  a  sound  reducing  control  room  or  other 
similar  apace. 

7 .  Controls  in  Accommodation  Spaces 

a.  To  reduce  noise  levels  in  accommodation  spaces  it  may  be  necessary  to 
consider  the  isolation  of  deck  houses  containing  such  spaces  from  the 
remaining  structure  of  the  ship  by  resilient  mountings. 

b.  Consideration  may  also  be  given  to  the  provision  of  flexible  connections 
to  bulkheids,  linings  and  callings  and  the  Installation  of  floating  floors 
within  accommodation  spaces. 

c.  Tha  provision  of  curtains  to  side  scuttles  end  windows  and  the  use  of 
carpets  within  accommodation  spaces  assists  in  absorbing  noise. 
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8 •  Selection  of  Machinery 


a.  The  sound  produced  by  each  Item  of  machinery  to  be  fitted  should  be  taken 
Into  account  at  the  dealgn  stage*  It  le  often  poaelble  to  control  notes  by 
selecting  the  machine  which  produces  the  least  airborne,  fluid-borne  or 
structure-borne  sound. 


b.  Manufacturers  rhould  be  requested  to  supply  Information  on  the  sound 
produced  by  thetr  machinery  and  also  to  provide  recommended  methods  of 
Installation  in  order  to  keep  noise  levels  to  s  minimum. 

9.  Inspection  and  Maintenance 

Ml  Items  of  machinery,  equipment  end  associated  working  spaces  should  be 
regularly  Inspected  with  respect  to  noise  by  a  competent  parson.  Should  such 
inspection  reveal  defects  In  the  means  for  noise  control,  or  other  defects 
causing  excessive  noise,  these  should  be  rectified  as  soon  as  practicable. 

10.  Vibration  Isolation 


a.  Where  necessary,  machines  should  be  supported  on  specially  designed  and 
fitted  resilient  mountings. 

b.  Where  structure-borne  sound  from  auxiliary  machinery,  compressors, 
hydraulic  units,  generating  seta,  vsnta,  exhaust  pipes  and  silencers  produces 
unacceptable  nolae  levels  In  accommodation  spaces  or  on  the  navigating  bridge, 
resilient  mountings  should  be  fitted  to  Isolate  the  equipment  from  the 
structure. 

c.  When  sound  lnauletlr.g  enclosures  ere  fitted  It  Is  desirable  that  the 
machine  should  be  reslllencly  mounted  end  that  ell  pipe,  trunk  end  cable 
connections  to  It  be  flexible. 
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NOISE  REDUCTION  ON  TOWBOATS  AND  OTHER  SHALL  VESSELS 

1.  The  problem  of  noise  on  email  vaaaala  auch  at  towboat*,  offahor* 
aupply  boat*,  crawboats,  ate.  la  in  many  way*  nor*  difficult  and  complax  than 
on  largar  vessels.  Although  ar.'loaura  (7)  dlacuaaa*  coat  of  tha  practlcad 
methods  of  nol*e  control  on  vaaaala,  a  aeparata  er.cloaura  apaaVing 
particularly  to  tha  problem  on  aaall  vessels  waa  conaldarad  necessary. 

2.  Small  vaaaal*  uaually  Incorporate  high  horaapow*r  propulalon  ayatem* 
into  vary  aaall  fraaa*.  Conaaquant ly ,  mechanical  vibration  from  the  machinery 
1*  not  effectively  dampened  by  tha  maaa  of  tha  vaaaal,  but  rather  la 
tranaaltted  chrough  the  light  atructur*  and  converted  to  nolae  aa  It  vibrate* 
about  the  veaael.  Thia  atruc cure-borne  nolae  la  the  predominant  problem  on 
moat  email  veaaela  and  la  difficult  to  control.  Because  of  the  magnitude  of 
the  problem.  It  ha*  been  accepted  that  high  nolae  level*  are  uaually 
unavoidable.  A*  a  reault,  crewmember*  are  expoaed  to  very  high  nolae  level* 
not  Juat  In  working  areas,  but  In  mesa,  lounge  and  berthing  araaa  a*  well. 

3.  Despite  the  difficulties,  there  1*  potential  for  substantial  nolae 
reductions  on  small  vessels.  Other  countries  and  a  few  companies  In  the 
United  States  have  successfully  developed  several  nolae  control  technique* 
over  the  last  decade.  The  techniques  are  somewhat  expensive,  but  generally 
not  prohibitively  ao.  Inveatments  made  in  developing  and  Implementing  thaaa 
techniques  will  afford  substantial  baneflta  In  days  ahead. 

4.  Whan  consldsrlng  the  application  of  noise  controls.  It  la  suggested 
that  first  prioricy  generally  be  placed  upon  reducing  nolee  to  acceptable 
levels  In  accommodet Ion  spaces  and  In  those  areas  where  personnel  cannot  wear 
protective  devices  becauae  of  operational  necessity.  Thle  should  not 
discourage  application  of  engineering  controls  to  machinery  spaces,  since  such 
controls  ere  often  che  best  method  of  reducing  noise  In  other  areas  of  the 
vessel.  Noise  reductions  can  be  more  eeelly  achieved  on  new  vessels, 
incorporated  Into  the  vessel  design,  than  retrofitted  into  existing  vessels. 
Because  of  the  complexity  of  noise  control,  it  is  Important  that  persons 
having  expertise  In  shipboard  noise  control  be  consulted  particularly 
throughout  the  design  and  construction  phases  of  new  vessel  construction  and 
before  attempting  expensive  noise  controls  on  existing  vessels. 

5.  No  attempt  will  be  read*  to  describe  In  detail  the  various  means  for 
reducing  noise  levels  on  small  vessels.  Literature  such  as  that  listed  In 
references  6.J.  thru  10  of  enclosure  (9)  should  be  researched  for  this 
information.  However,  the  following  1*  a  partial  Hat  of  several  methods, 
moot  of  whrch  are  dlscuaaed  In  enclosure  (7),  which  should  be  considered: 

-  maxlmlrtng  distances  and  providing  buffer  spaces  (voids,  tanks, 
etc.)  between  accommodation  and  machinery  space*; 
room  isolation,  e.g.  floating  decks  and  resiliently  suspended 
bulkheads  and  deckheada. 
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*  resilient  mounting  o'  *11  vibrating  machinery; 

-  affactlva  noise  barrier  around  high  nolae  apace*,  to  prevent  noli* 

t ranatslsalon  to  adjacent  spaces,  and  sound  absorbing  material 
around  high  noise  spaces,  to  reduce  contribution  of  reverberant 
noise  within  the  space; 

-  flexibly  mounting  exhaust,  ventilation  and  other  service  lines; 
Insuring  that  ell  flt-upa  are  tight  and  that  ell  penetration* 

through  spaces  sre  sealed; 

silencer*  or  attenuators  on  air  Intakes  and  exhaust; 
sound  abaorbtlon  treatment  of  accommodation  spaces; 
use  of  low  noise  components,  s.g.  hydraulic  pumps  with  low 
fluld-borna  nolss  levels* 


6.  The  use  of  room  Isolation  is  expensive  and  can  possibly  present 
stability  problems  by  affecting  a  vessel's  center  of  gravity.  However,  the 
results  In  reducing  noise  levels  can  be  dramatic.  Now  that  better  techniques 
are  being  refined  and  standardized,  room  Isolation  should  be  giver,  serious 
cons  tderat Ion . 


7.  The  use  of  resilient  mounts  on  main  ptopulslon  engines  can  also  have 
dramatic  results  In  reducing  transmission  of  noise  through  the  structure  to 
outside  spaces.  They  do  however,  present  substantial  problems  for  shsft 
alignment  and  maintenance  and  in  most  caaes  require  use  of  flexible 
couplings.  Ac  the  present  time  the  use  of  resilient  mounts  for  main 
propulsion  engines  m«y  nut  bo  feasible  on  many  vessels.  However,  the 
technology  Is  certainly  feasible  and  should  be  developed  by  the  Industry. 

8.  The  technology  for  reducing  noise  on  small  vessels  Is  feasible;  much 
is  already  developed.  There  Is  an  Immediate  need  for  an  Industry  forum  for 
guiding  this  technological  development  and  providing  standards  and  information 
which  could  then  be  dlaeminated  back  to  the  Industry.  It  is  believed  that  If 
enough  Interest  were  expressed  to  an  appropriate  technical  soclecy  a  committee 
would  be  established  to  perform  this  function. 
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Specification  foe  Sound  Level  Meters,  Sl.4-I97l(R1976); 

Specification  for  Personal  Noise  Dosimeters,  SI. 25-1978; 

Methods  for  Measurement  of  Sound  Pressure  Levels,  S1.13-1971(R1976); 
Msthod  for  Physics!  Measurement  of  Sound,  SI . 2-1962(R1976) . 

15.  "Acoust lcs-Msssuremenc  of  Nolss  On  Board  Vessels",  International 
Organization  for  Standardization,  ISO  Standard  2923  -  1975(E);  can  be  ordered 
through  ANSI  (see  reference  14), 
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